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PREFACE TO SECOND EDITION. 


Advantage is taken of the call fot a second edition of this work 
i* to make corrections and additions demanded since the first issue. In 
meeting these demands an effort has been made to confine revision to 
practical and accepted advances in pathologico-anatomic knowledge re- 
^ veated by new investigations of the last few years. The arrangement of 
the matter has remained the same. Among the changes may be mentioned 
thoaeimade to the sections upon Beriberi, Pellagra, Cerebrospinal Menin- 
gitis, Rabies, Infantile Paralysis, Landry's Paralysis, and a new section 
devoted to Growths of the Carotid Gland. 

In this place attention may be drawn to the arrangement of the text 
into sections printed in large and small type; the larger presenting the 
essentia! features, the smaller being devoted to detail description or 
elaboration of the various subjects. This, it is believed, will enable the 
busy practitioner or student readily to gain access to one or the other. 
Tq further facilitate hasty consultation, each subject has been indexed with 

.page number and not by crass-reference. It must further be noted that 

'W ' ' 

th^vterrninok^ employed in the text — i.e., the use of I.atin and Greek 
tensM in adcUtion to English equivalents — is intended to familiarize the 
reail^ with the etymcdogy ; for it is only by knowledge of the derivation 
of tlife terins that memory of their meaning can be retained. 


H. T. Bbooks. 



PREFACE. 


Originally, it was intended by both the publishers and tlie writer 
of these lines to issue, with notes and additions, a translation of the third 
edition of '‘Grundriss der Pathologischen Anatomie,” published in 1904, 
by lYofessor Robert Langerlians, of Herlin. The important and rapid 
advancements made since that time and the death shortly thereafter of 
the author of that classic handbook made it necessary not only to recast 
and greatly augment the subject-matter to meet existing requirements, 
but to more fully adapt it to the needs of the undergraduate .student and 
practitioner. The result was a new treatise, which now is presented as 
an independent volume. Most of the excellent illustrations, and avail- 
able portions of the (lerman text, were freely emi)loycd, indebtedness 
to which .source is hereby publicly acknowledge^!. Admission is made 
also of indebtedness to tlie well-known works of \’irchow (“Die Krank- 
hafte Geschwidste/’ “Die Cellular rathologic,” etc. 'I, and the authoritative 
tcxtb<x>ks of Klebs, Ibrch-llirschfeld, von Recklinghausen, Orth, Cornil 
and Ranvicr, Ziegler, Cohnheim. Rindlleisch, Kaufmann, Smaus, Aschi>fT. 
Krehl and Marchand, and others, as well as to the current medical 
literature. The work can neither compete with the exhaustive treatises 
above tnentioned nor take the place of ])athologicoanatomic instruction, 
since the indispensable training of the senses of sight and touch can be 
acquired only by the .study of fresh organs under competent guidance. 

Owing to lack of space, it was necessary to give only the essentials 
and to present views more or less generally accepted in as concise a fonn 
as possible ; hence, many topics could be only very briefly discussed. For 
the same reason references to author.s aiul literature have been omitted, 
except when of historic interest or to support statements in tlie text 
which may be at variance with prevailing conceptions. 

While the work is intended chiefly to serve the undergraduate 
student as an introduction to the difficult and intricate study of pathologic 
anatomy, both gross and microscopic, it is believed the most frequent 

(v) 
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and important processes are so presented as to appeal also to the 
practitioner and enable him, by application of the knowledge, obtained 
from description of the various pathologic states, to interpret clinical 
symptoms. In this particular the requirements of the practitioner have 
constantly been kept in mind and, wherever practicable, questions of 
diagnostic importance have been considered. 

Especial thanks are due to Professor Allan J. Smith, of the Univer- 
sity of Pennsylvania, for the admirable and comprehensive section on 
Immunity, which is almost entirely from his pen, and to Dr. Edward L. 
Oatman, Surgeon and Pathologist to the New York Manhattan Eye, 
Ear, Nose and Throat Hospital, for thorough revision and elaboration 
of the section on the Pathology of the Eye. 

In conclusion, most cordial thanks are due to the F. A. Davis 
Company for the courtesy and consideration they have shown during the 
mechanic execution of the work, and to Drs. Herman I>. Sheffield, T. 
Homer Coffin, and Wesley G. Vincent, for assistance and suggestions 
in the prei)a ration of certain ])ortions of the text. 

II. T. B. 


40 Ea.st Forty-first Street, 
New York City. 
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enous leukemia; marked spiecn tumor. (After Lenhartz-Brooks.) 4. Acute 
leukemia. (After Lenhartz-Brooks.) 5. Myeloid leukemia. (After Lenbartz.) 

6. Hemln crystals from dried blood-spots. (After lenbartz- Brooks.). 676 

xni. 1. Myelogenous leukemia. 2, Lymphatic leukemia...... 680 

XIV. 1. Uric acid crystals. (After Peyer.) 2. Uric add crystals with amorphous urates. 

(After Peyer.) 846 

XV. I. gediment of alkaline fermentation. (After Hoffman and Ultzmann.) 2. Ammo- 
nium urate, showing spherules and thorn-apple-shaped crystals. (Alter Peyer.) 8B8 
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PATHOLOGY. 


Pathology begins with the advent of abnormalities or deviations 
from physiologic processes, while normal (or natural conditions, func- 
tions, or ) processes belong in the domain of physiology. The dividing 
line between physiology and pathology, however, is by no means 
sharply defined. The same process may be physiologic as well as 
pathologic. The difference between physiologic and pathologic proc- 
esses is only quantitative. (See page 4.) Pathology passio^), 

as now understoc^d, includes not only the domain of diseases (focto?, 
morbus) projierly speaking, but also the whole series of disturb- 
ances { Iccsioucs), defects the domain of etiology (canscc), and 

the regulatory, benign, salutary processes. Nosology- constitutes 
only a part of pathology it deals with that part of pathology in 
which the health of the individual is disturbed. For example, a 
stone in the gall-bladder unaccompanied by any symptoms or dis- 
turbances in liealth is simply a pathologic state and does not belong 
in the realm of nosology ; if, however, the stone excites intiammation 
followed by violent pain and other subjective symptoms, the condition 
is both pathologic and nosologic. 

General pathologic anatomy deals with the general laws of the 
pathologic processes occurring in all or most of the organs and tissues 
of the body, and offers a basis for general pathology. 

Special pathologic anatomy gives a description of the devia- 
tions and structural alterations occurring in the individual organs. 

Symptomatology. — The term symptom ( crv/iTriimo ™ coincidence, 
to fall in with) signifies a phenomenon, a functional disturbance de- 
pendent upon, c)ccnrnng synchronously with, and pointing to, disease. 
Symptomatology is the knowdedge and interpretation of symptoms. 

Diathesis ( SiaWw, arrangement, state; Latin, coustifutio) signifies 
a pathologic state of the body; disease already In present in the body, but 


* Suffering. 

2 v6^9tf disease ; \6yot, a discourse. 

® According to the defniiti^^n of ancient writers and also of the modern 
Greeks, pathology is the science of anatomic abnormalities or deviations 
from natural conditions and fi»rms; nosology the science of morbid con- 
ditions or processes in the body, and physiology, as the name implies, 
the science of natural eriinlitions and processes. Modern medicine has aban- 
doned this distinction between the terms pathology and nosology, and the 
result has been much confusion. 
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NATURE OF DISEASE. 


need not necessarily be permanently manifest. Repeated marriages be- 
tween relatives may bring certain diseases to a high state of development. 
In order to avoid progressive degeneration, crossing of the stock is 
necessary.^ 

Idiosyncrasy own; o-vyicpcurw, temperament) is a peculiar 

susceptibility manifested by certain individuals to influences which 
are innocuous or inactive in other persons. Examples of this are 
disorders following the ingestion of certain drugs (e.ff,, morphine), shell- 
fish (crabs), strawberries, etc.; hay fever; influence of certain odors 
(perfumes), etc. (See Anaphylaxis.) 


NATURE OF DISEASE. 

Disease is always something developing, something pursuing a 
certain course, embodying a series of symptoms, a sequence of condi- 
tions (status). Every disease, whether chronic or acute, continues for 
a certain length of time. Status, in contradistinction to morbus, is 
simply a state (e,g,, blindness) which ceases to be when the condition 
ceases, i,€,, no longer exists, no new condition resulting therefrom.^ 

The variable duration of certain diseases has given rise to Lhe 
designations acute and chronic. It is impossible to say, however, 
what number of days, weeks, or months are to be assignecl to the 
former or the latter. For example, typhoid is generally regarded as 
an acute disease, yet its duration is usually longer than a month. There- 
fore, the ordinary duration or the course of the disease in question must 
be considered. Diseases which, in duration, lie between the acute and 
chronic, are called subacute or Subchronic. In certain instances 


t Diathesis should not he confused with “disposition,” which indicates the 
tendency to reception : the body is still free, though, as soon as opportunity offers, 
it very readily is attacked by disease, 

2 By status is understood the condition of the disease or of the individual 
at a certain time, for instance, status pnrsens, the present condition, or status 
gastricus, the condition of the stomach or abdomen. While the disease lasts, 
conditions may change from day to day or from time to time, as when one 
condition develops from a preceding one, or when one condition is the sequel 
of a favoring condition. There are certain laws under which these changes 
take place, and in such cases wc speak of typical processes or symptoms or 
developments of disease. Typical means according to canons or laws; 
atypical is the opposite, ic., the sequence of conditions or symptoms con- 
trary to rules, canons, or laws. Just as disease can never be separated from 
the diseased individual, i.c,, from the organism as a whole, so al.<o a status 
(vitium, malum, etc.) should not be separated from the organism as a whole. 
Hence, the relation of blindness to the blind is thought of here in this con- 
nection- If, then, the “condition ceases,” this signifies as much as “the blind 
ceases to be blind,” in that he either dies or is made to sec again, by a 
cataract operation. Neither death nor the operation is a further condition 
proceeding from blindness, but both arc something new which is independently 
added. 
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the separation into acute and chronic diseases is purposeicss, because 
an acute disease may become chronic and vice versa. The duration of 
a disease frequently depends upon the etiology; if the cause is not 
removed, the disease cannot subside. 

Recklive is a recurrence or reappearance of a disease which had 
already subsided. It does not necessarily belong to the course of the 
disease. When it is the nature of the disease to recur, this phenom- 
enon is called relapse. Examples are relapsing fever and malaria. 

Under certain conditions diseases may pursue an abortive course, 
characterized by a shorter duration than usual and by less pronounced 
development of symptoms. \"arious infectious diseases may present an 
abortive course, r.^., typhoid fever. 

Prognosis is the foretelling, the prediction of the course or the 
event (termination) of a disease. Prognosis is possible only (a) by 
an exact knowledge of the disease itself; (/>) hy a thorough estimation 
of the state of the diseased body, and (r) consideration of the influ- 
ence of treatment. Every prognosis is based upon an exact diagnosis; 
but as the diagnostic basis is sometimes erroneous, prognosis also may 
be incorrect. 

Conditions which originate from, and merge into, each other 
follow certain laws. They are termed typical the more they are sub- 
ject to fixed laws. Type is the general law (rule) derived from the 
totality. There may he deviations from the type. 

There are three principal groups of elementary activity which 
are peculiar to life: 1, the nutritive; 2, the formative, and, 3, 
the functional processes. 

1. Essential for the maintenance, the self-preservation, of the cells is 
nutrition, endosmosis (a nutritive, trophic, chemic process), upon suspen- 
sion of which death occurs. The simple interthange of material does not, 
however, suffice for the support of nutrition. On the contrary, the process 
of self-maintenance, the replacement of waste, occurs only within the cells by 
the formation there of the characteristic tissue substance: assimilation. 
The elimination of u.scd material is designated as r-rojwoiw. There are also 
brought to the cells materials which are not as.similated, and others used 
which are not eliminated, but retained. 

2. The constructive processes (formative, plastic, anatomic) 
depend upon proliferation— new formation— in that two new young cells 
originate, as a rule by division, from a pre-existing mother cell, nothing 
remaining over. 

3. Function (physiologic process) is always an exteriorly directed 
activity which is influenced from without. 

The whole domain of vital activity is divided into these three groups of 
elementary activity. They also form the basis for the consideration of gen- 
eral pathology and therapy. 
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If a disturbance occurs, i.e,, a disease condition or an abnormal 
process, it relates either to a negation of one of the three just- 
named vital activities {sif/na mortis) or to quantitative altera- 
tions of the same. Thus, in nutrition an increase or a decrease 
(excess, defect) may appear. Likewise, in regard to function, a part 
either ceases (temporarily or permanently) to functionate paral- 

ysis) or the function is diminished (paresis) or increased (convulsions). 
The body cannot perform its functions in a foreign or heterologous 
manner. The same holds good for the formative processes. In a strict 
sense, therefore, there is nothing heterologous: All pathologic 
processes are homologous to the physiologic; the 
difference between the former and the latter is only 
quantitative.^ Disease, therefore, is nothing^ sui 
generis. 

From this a very simple classification of the elementary processes 
follows. There may be : 1 , a b s o 1 u t e d e f i c i e n c y ; 2, r c 1 a t i v e 

deficiency, and, 3, an excess. Those processes in which a defi- 
ciency (a minus, defect) exists constitute the passive processes in a 
strict sense; those in which a plus of normal activity (a diseased 
action) is present form the active processes. Notwithstanding 
this distinction, the same diseases may originate as the result of active 
and passive events. The differentiation of these processes depends, first 
of all, upon the cause. 

For a vital activity {actio) to become manifest, certain excitation^ 
is required. This is produced by an external action, an irritation, i,c,, 
by an irritant element {corpus alienum, irritans) of a chemic, physic, or 
organic nature, which first causes an altered state, a more negative, 
passive state of excitation {irritamentum) of the living parts. This is 
followed by a more active process,-* a |x>sitive participation of continu- 
ous parts, which is designated as irritation {actio, irritatio). Irritation, 
then, is only the result of the action of the irritamentum, i,e,, of the 
altered state of the parts of the body which, until then, were either nor- 
mal or in a disease-predisposed state {locus minoris rcsistcntice) , It 
consists in an increased activity, in a more intense intrinsic disturbance, 
excitation of the living parts. No actio occurs, therefore, without pre- 
ceding irritamentum, and, hence, every actio can be called irritative. 

In the elementary processes various stadia are differentiated. In 

1 These remarks refer only to the elements. The processes as a whole are 
mostly very complicated, because a large number of elements (and not in like man- 
ner) are concerned. 

* In contradistinction to dead parts, only living parts arc excitable. 

® The active processes only are caused by an irritant ; not the passive. There- 
fore, the principium dividendi for active and passive processes is ‘‘irritation.^" 
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the active processes the stadium invasionis, the stage in which the corpus 
alienum attacks the body, is followed by a stadium lat entice, and fol- 
lowing this the stadium incrementi (the rise), which continues to the 
acme (in the passive processes there is no stadium incrementi, but only 
a prolonged depression); in the acme the process can last for a 
variable length of time. Following this is the stadium dccrcmenti: the 
decline. This, strictly speaking, is not a part of disease, although it 
is reckoned, along with the combined processes, as belonging to the 
terminations {c.vitus morbi), 

D i s e a s e , in a practical sense, is more than one elementary process ; 
it is usually a sum of such. According as the elements are similar or 
dissimilar, the process is a morbus simplex or a morbus compositus. If, 
for example, all cells of the neuroglia undergo fatty metamorphosis, wc 
obtain a morbus simplex: the yellow softening of the brain ; summing 
up the ^enients, the wliole process can be more readily recognized. If, 
however, dissimilar parts near each other are affected, then the different 
varieties of tissue must be examined. If, for example, in the liver, in 
addition to the liver-cells, the connective tissue or the vascular system 
also is morbidly altered, this is a morbus compositus. 

Morbus multiplex is somewhat different. By this is meant that the 
same affection occurs in several distantly removed parts of the body. A 
morbus multiplex, therefore, can be a morbus simplex as well as a morbus 
compositus. All diseases have one focus (locus) or several foci 
(morbus multiplex), Excej)t these foci, the remaining parts of the body 
are in a relatively normal condition. 

By morbus complicatus (^complication) is meant the coexist- 
ence of two diseases. Complication is not a necessity, but only an 
accidens added to an already existing disease. Many diseases, however, 
predispose in a higher degree to other affections than do the remaining 
disorders. Measles and typhoid fever may be complicated with pneu- 
monia; tuberculosis with amyloid degeneration of certain organs; cir- 
rhosis of the liver with gastric carcinoma, etc. Practically, it is not 
always |X)ssible to separate complications from sequehe, since the latter 
not infrequently develop from the former. 

SoQUete are diseases which become manifest after the subsidence 
of, but often possess a connection with, the primary affection. Exam- 
ples are paralyses and cardiac failure after diphtheria, endocarditis after 
articular rheumatism,* traclieal stenosis after cicatrization of syphilitic 
ulcer of the trachea. 

The termination of a disease may be death (cxitus letalis), 
healing (sanaiw)^ or secondary diseases (scquclcv), 

* Endocarditis may be also a complication of articular rheumatism. 
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The term - healing is an exceedingly broad one. The majority 
of healings are defective (sanatio incompleta), and may finally be the 
cause of death. Therefore, the case as a whole must always be differ- 
entiated from the condition in the individual parts. Of the latter a great 
deal can be destroyed and still the case as a whole may be looked upon 
as healed. This explains, for example, the expression: ‘^healing by 
retrogressive metamorphosis,'' in which the retrograde metamorphosis 
or, in other words, “death" relates only to certain parts, w’hile healing 
relates to the organism as a whole. 


GENERAL ETIOLOGY (CAUS^). 

In considering etiolog>% it is necessary to take cognizance not only 
of the acting elenient.^bqt also of the body upon which the corpus 
alienum exerts its action; for the same cause, r.p., a “cold" excites en- 
tirely different diseases in different individuals. Therefore, the external 
cause {causa cxicrna) must be distinguished from the internal cau^e 
(causa interna) ; togther they constitute the causal relation. Tlic 
various relations are distinguished by the fact that the causa interna — 
i.c., the condition or state of the affected organism — as opposed to the 
causa externa (c-g-, gunshot wounds) is occasionally pushed into the 
background, and rice t'crsd. 

Within the organi>m there is a certain ordering (constitution) 
which reacts more to certain, otherwi:>e indifferent, external influ- 
ences than to others. This diversity in the intrinsic ordering of parts 
is the basis of the whole organization of the higher animals. 

For example, not every individual endures change of climate : many 
succumb; some become acclimated. Cliange of climate is always a con- 
siderable strain upon the organism and renders it more susceptible to a 
number of diseases. Constitution alone explains the variable behavior 
of the body toward climatic changes. 

Causa externa, therefore, frequently is an exciting cause — causa 
occasionalis — while causa interna, which is correlated with the intrinsic 
constitution of a cell or a sum of cells, is manifested as the causa prcc- 
disponens (predisposition, weakness, tendency, suscep- 
tibility to external influences, pathologic predisposition, or Anlagc), 

The relation between causa externa and causa interna may be thought 
of as purely mechanic (traumatic, physic, dynamic), chemic, thennic, 
electric, or physiologic. ^ 

The point of action of invasion {locus invasionis) constitutes the 
atrium of the disease. This may be also the s e a t of the disease {sed^s 
morbi), or serve only as a portal of entry. 
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The causae externae are divided into two great groups : — 

L Living causes {causce viva ): — 

1. Animal organisms. 

2. Vegetable organisms. 

II. I n a n i m a t e c a u s e s : — 

1. Physic (or mechanic) causes: The coarser actions (injuries, 
wounds, pressure of clothing, etc.) — the mechanic causes in a true 
sense — are differentiated from the actions of a more delicate nature, 
which are called dynamic (c.r/., change of air pressure in caisson workers 
on rapid passage from a chamber containing compressed air under a 
pressure of about 2 Vi atmospheres into a chamber with a pressure of 1 
atmosphere, or in aeronauts at high altitudes, in commotio cerebri, etc.). 

2. Chemic causes: These act by atoms leaving their combina- 
tions and uniting with other atoms to form new combinations. The 
extreme cases of this nature have received special names. For example, 
the local action of certain chemic substances upon the tissues is called 
corrosion. On the other hand, if a chemic substance enters the cir- 
culation and exerts its action at a place remote from the original point 
of contact, this is called poisoning, intoxication. These terms 
have little significance, since corrosion also, especially when it threatens 
life, is frequently called intoxication. Potassium and sodium hydrate, 
mineral acids, arsenic, lead, clilorine, phosphorus, corrosive sublimate, 
alcohol, ether, aniline, hydrocyanic acid, carbolic acid, chloroform, iodo- 
form, atropine, ergotinc, cocaine, morphine, anti others act as poisons. 
To these may be added the products of bacteria, injurious gases (pit-gas 
or mine-gas, carbon monoxide, carbon dioxitie), and deficiency of oxygen. 

The same chemic substances may be in one case a poison, in another 
case a therapeutic agent. The greater the absolute quantity or the more 
concentrated the solution in general, the more intense, as a rule, are the 
toxic effects. 

We have but little positive knowdedge of the specific action of poi- 
sons. Probably they are taken up by those tissues upon which they act, 
by entering into chemic union with them. Thus, silver nitrate, used ex- 
ternally, is a caustic ; administered internally in small and long-continued 
doses it causes argyria, being deposited in the rete Maipighii, etc. 
Since poisons circulate in the blood throughout the body, their action, how- 
ever, being exerted only upon specific parts, it is assumed that for certain 
substances there are organs of predilection which are designated as loci 
minoris resistentia. Upon these premises, namely, that different sub- 
stances do not act in the same manner upon all parts of the body, but 
stand in intimate relation to individual organs, also rests the employment 
of remedies. 
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3. Thermic causes: Action of high and very low temperatures: 
burns by steam, boiling liquids, glowing heat, flame; further, sunstroke 
and heatstroke, chilling by intense cooling of the body or individual 
(usually tapering) parts. In sunstroke, irritation of the cerebral meninges 
with hyperemia and edema occur as the result of direct action of the 
sun’s rays upon the head. Heatstroke occurs as the result of over- 
heating of the body, particularly l^ecause the regulation of the body heat 
by evape^ration (sweating"!, by lack of water, inappropriate ch^thing, 
marching in closed columns, etc,, is disturbed or prevented. 

General or kxral action of cold (chilling) ])roduces an increased 
disposition to certain affections, especially rheumatic, catarrhal, and other 
inflammations. The effects of chilling, exerted principally upon the ex- 
ternal skin and respiratory organs (also the digestive organs), are often 
manifest in parts entirely different from those parts of the body directly 
affected by the cold, and occur e>pecially in localities with a locus niinoris 
f csistcuiicr, A certain personal disposition also plays an important role. 
For example, in c»ne individual, catarrh of the respiratory passage^' readily 
develops, in another intestinal affections, and in others articular affec- 
tions or muscular rheumatism. They probably are in great part due to 
reflex circulatory disturbances, which produce a disposition to tlicse aft'ec- 
tions. In many infectious diseases the connection with chilling has so 
frequently been demonstrated that the disposing influence of cold, espe- 
cially as regartls the action of already present, but previously non-patlu> 
genic bacteria, cannot be doubted. 

4. Electric causes: Lightning and high-tension electric currents. 
Alternating currents are more dangerous than direct currents of the 
same intensity and tension. In very intense action death may occur 
suddenly or within a few minutes. Usually, though not always, death 
is preceded by unconsciousness. The final cause of death is paralysis 
of respiration. If death does not occur, nervous disturbances persist for 
.some time, but these usually finally disappear. At the point of contact 
(point of entrance) of the current with the body, the same phenomena 
as in burns are usually observed. 

5. Physiologic (or biologic) causes: Here belongs, c.g., over- 
exertion — fatigue — which may attack every organ and reduce or even 
paralyze its function, and, furthermore, a great number of mental diseases. 

Internal Causes {causes interna s. prerdispoHentes). — The suscep- 
tibility to disease is either originally present in the body (congenital 
predisposition) or acquired later in the course of life (acquired 
predisposition). The congenital are either inherited: hered- 
itary, or such as the individual has acquired during the embryonal 
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period :intra - uterine acquired, e,g., endocarditis fcctalis. These 
two groups are to be sharply separated. 

Hereditary predisposition is called constitution, inasmuch as it 
is assumed that individual differences exist in the intrinsic adjustment 
of cells. If an individual is insusceptible to certain diseases, this state is 
called immunity. (See Infection.) This may be either hered- 
itary or acquired. Certain domestic animals (cjj., the horse) pos- 
sess an hereditary immunity to tuberculosis, while others (cats, 
cattle, rabbits, guinea-pigs) always manifest an extreme susceptibility 
(hercditai*}' predispo^ition). C ertain classes of animals, c.g., rats, mani- 
fest, like man, a relative immunity to tuberculosis, f.r., some ap- 
pear predisposed; others, more or less immune. In many cases immunity, 
especially relative immunity, may be reduced or abolished by unfavorable 
coiulitions (faulty nutrition, insanitary surroundings, diseases, etc.): 
a c q 11 i r e d disposition. 

Immunity to a particular disease may be acquired after recovery 
from a single attack of this disease. Thus, one attack of certain 
infectious diseases (scarlatina, measles, variola) generally (not invari- 
ably!) cemfers a certain degree of protection against subsequent attacks. 
On the other hand, the disposition is in many instances in- 
creased by one attack ( diphtheria, infennittens^ etc. ) . 

In contrast to general disposition stands local disposition, i.c., 
the tendency certain organs to become alTectcd in a specific man- 
ner in different diseases (organ disposition). For example, in 
scarlatina the kidneys arc frequently very seriously altereil {nephritis 
parcnchymatosa lucniorrhagica), while in other acute exanthemata they 
appear to be either unaltered or affectevl only to a very slight degree. In 
malarial diseases the spleen is chiefly and often exclusively the seat of 
anatomic deviations (spleen tumor). The alterations in typhus abdomi- 
nalis involve especially the follicular apparatus, principally the follicles 
of the intestine; in lesser degree those of the spleen, mesenteric glands, 
and often the remaining follicular apparatus, e.g,, of the tongue, tonsils, 
etc. 

Analogous to this local predisposition there is also a local 
immunity, which, however, is more frequently relative than ab- 
solute. Experience has shown that, for example, tubercles are very 
rarely observed in the panniculus adiposns, and that in the liver, where 

1 The colored races possess a certain degree of immunity against intermiti^ns, 
while the white races in general are very greatly disposed to it. Plehn distinguishes 
in the natives of Africa "absolute" and "relative" immunity. The latter can he 
Secured by Europeans by systematic use of quinine ("artificial immunity”)* In this 
event the malarial parasite, as in (naturally immune) natives, is sometimes found in 
the blood without the occurrence of fever. (See Malaria.) 
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they frequently are found, they are almost always extremely minute, gen- 
erally invisible to the naked eye, and undergo but slight retrogressive 
metamorphosis. 

The cause of local predisposition is in many instances 
still wholly obscure. The advances in bacteriologic research, however, 
justify to a certain extent the assumption that in affections induced by 
bacteria the local chemic state of the tissues exerts a determinative in- 
fluence, The tissues funiish nourishment to the bacteria. Le., offer a 
more or less appropriate soil for the different bacteria. If the tissues 
offer a soil favorable for this or that species of bacteria, the latter 
are then capable of multiplying and exciting organic alterations; if, on 
the other hand, the tissues present a more or less unfavorable soil, 
then either no or only slight organic alterations occur. In some cases 
these organic alterations are preceded by slight lesions which weaken the 
tissues and render them less resistant. This relation between internal 
and external noxious influences, in other words, between causa interna 
and externa, is especially prominent in syphilis. The specific changes 
caused by syphilis (gumma) occur principally in those parts (tibia, fore- 
head, lig. suspensorium hepatitis, etc.) which, in consequence of an in- 
jury (blow^), have suffered alteration or enfeeblement of the tissues. 

HEREDITY. 

Those tendencies, qualities, or peculiarities transmitted by parents to 
their children and grandchildren are present in the si>ermatozoid or ovu- 
lum before conception. Heredity, therefore, is the trans- 
mission of certain peculiarities present at the time 
of fecundation. 

On the other hand, all anomalies traceable to influences exerted at 
a period subsequent to union of sperma and ovulum, i.e,, during intra- 
uterine life, belong to the group of intra-uterinc acquired or congenital 
alterations. ( See p. 9.) 

In heredity the question is one either of conditions which are visible 
at birth {e,g,, vitia primee formationis: supernumerary fingers) or of 
peculiarities recognizable very soon after birth (pigmentation of the skin 
in the colored races), or, finally, of tendencies or anomalies which beemne 
manifest only in later life. In the latter category belongs the phenom- 
enon that in some families certain talents {e.g,, for music, etc.) are 
inherited or totally lacking, and here also belong the so-called hered- 
itary diseases. The latter designation is not quite correct, since 
not the disease, but only the disposition of the tissue or cells for certain 
affections (e.g., tuberculosis) is inherited (hereditary predisposition, see 
9). 



HEREDITY. 


11 


Hereditary transmission may extend either to all offspring and un- 
limited to many successive generations {e.g,, racial peculiarities which 
constitute the type of the race^), or there is no definite law, so that only 
certain descendants and occasionally only the males or the females — 
and these not uniformly — |X)ssess the same peculiarities or anomalies as 
their progenitors. Heredity is sometimes manifested ]>y skipping of sev- 
eral generations — a phenomenon which suggests atavism.- 

Hereditary racial peculiarities are, c,g., the color of the skin ( accord- 
ingly are distinguished a black, brown, yellow, or white race) ; the char- 
acter and color of the hair (black, curly, wooly hair of the negro: blond, 
flowing hair of the white race) ; form and color of the eyes (‘‘slit-eyes’' 
of the yellow race) ; shape and aspect of certain parts of parts of 

the face: straight nose of the Greeks; arched nose of the Romans; flat 
nose of the negro; low forehead and thick, prominent lips of the negro) ; 
size and form of the body ; proportions of the limbs, etc.‘^ Inherited also 
are malformations: excessive and defective ff^rmations (atrixia, hyper- 
trichiasis, nevi, [X)lydactylia, and others). Finally, many diseases or the 
predisposition to these diseases arc inherited, especially mental diseases, 
hemophilia. tul)crculc)sis, gout; less frequently and constantly color- 
blindness ( Daltonism ),^ cataract, myopia, arteriosclerosis, progressive 
muscular atrophy, iKilyuria ; probably also tumors and racliitis. On the 
other hand, syphilis does not belong to these .so-called hereditary diseases, 
for Cfmgenital syphilis is in every instance the result of intra-uterine 
infection.'* 

i Exceptions occur here also, 

^ By atavism is understood discontinuous transmission, i.c., the reappearance of 
anomalies or traits manifested by more or less remote ancestors, e.specially m 
animal descendency. Examples of ataviMii in man are the f)ccurretice of super- 
numerary mammary glands {polymastia), nipples {polythelia), ribs, etc. 

* In the determination of racial peculiarities it is often difficult to decide 
whether some of the characteristics attributed to the race, such as the hair, color of 
the skin, form of the facial bones, belong V- it originally and under all conditions, 
or whether they have developed oulv under external conditions under which, 
through centuries and inilleimiums, trie generations were perpetuated and now 
appear as racial peculiarities. 

^ This affection, as in hemophilia, is obser\'vd chieff>' in males. It is trans- 
mitted also through daughters who are not color-blind. Dalton, an Englishman, 
was color-blind. 

®On the basis of investigations upon 100 children and liX) placentas in which 
serologic examinations had been made. J. Trinchese (Munch, med, Woch,, 1910, 
No. lb P- 570) states that the spirocluctac of syphilis occur most abundantly in the 
suprarenals, then in the liver, lungs, ovaries, testes, spleen, the fetal end of the 
funis, and also with relative frequency in the blood. They are relatively rare in 
the placenta, which they enter through the blood-vessels of the villi. They readily 
penetrate the walls of thes^i \tssc1s without producing coarse alterations of the 
tissues* enter the stroma of the villi, and may migrate even to the surface of the 
villi. They produce decided tissue changes in the syncytium, manifested by dis- 
placement of nuclei and nodular thickenings. This migratory process of the 
spirochaete from the vessels of the fetal villi through the villi stroma to the sur- 
face of the villi and into the intervillous spaces is regarded by Trinches'*^ as normal 
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IMMUNITY. 

The relation of a living being to the various elements of its envi- 
ronment, which may in one or other way be regarded as harmful, is 
invariably one of resistance; and where this resistance is of relatively 
high grade it is spoken of as immunity. W'here, however, the degree 
of resistance is relatively low, the term susceptibility is used ; and 
as an expression of extremely low ability to resist a given harmful influ- 
ence, it is frequently said that the individual manifests an idiosyn- 
crasy toward such influence. Hiere is thus clearly rather a quanti- 
tative than an essential qualitative difference between the conditions — a 
matter of how much resistance can be opposed to the noxious agency. 
Immunity or susceptibility is to be understood as prevailing in relation 
to any sort of agency, and the terms may with no impropriety be api)lied 
to physic or chemic influences, to animate or inanimate pathogenic 
causes. A man may possess a high immunity toward the harmful effects 
of electricity or of heat, a susceptibility to some drug, an immunity to 
the microbic cause of a given infection, an idiosyncrasy to the influences 
of dust particles inhaled. But in a more particular sense, which, unless 
otherwise explained, is here to be understood in the employment of these 
terms, immunity and susceptibility are applied to the grade of resistance 
which an individual is capable of manifesting toward animate agents or 
their products concerned in infectious diseases. 

It has long been known that an efficience of resistance may charac- 
terize the individual naturally (natural immunity), the factors 
granting such immunity being inherent and not the result of intravital 
acquirement; and, on the other hand, that, although not existing ab 
initio, a capable degree of resistance may in one or other way be acquired 
(acquired immunity). Immunity is s{X)ken of as absolute 
(complete) Avhere a given infection is not acquired even under op- 
timum conditions ; or as r e 1 a t i v e (partial) where it is not acquired 


It is remarkable, however, that the placenta of live-born children contain much 
fewer spirochaetae than those of macerated children. On the other hand, it is a 
noteworthy fact that the detection of spirochatae in the blood of adult syphilitics is 
very difficult. Finally, it is an open question whence the spirochsetae so abundantly 
present in the organism of the child originate. An overwhelming by the spirochaetae 
of the ovulum to be fertilized is regarded as impossible, because of its size. Pure 
paternal transmission without infection of the mother is also to be excluded; for 
the spirochaetae must be either located in the heads of the spermatozoids— then the 
latter would die ; or only mixed with the sperma and enter flte germinal cells— -then 
either the germinal Anlage would be entirely destroyed or only malformations 
would result. Accordtn|fly, it must be assumed that in paternal syphilis the mother 
also is infeaed at the time of fructifleation and from this source infection of Ute 
fetus results. 
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with the usual facility by the individual in question, or where, if acquired, 
it does not manifest the intensity of effect usually characterizing the par- 
ticular micro-organisms. From the standpoint of temporal duration of 
immunity it may be met as permanent, lasting throughout life ; or 
transient, enduring only for a mediate period. We are accustomed 
to recognize, particularly in connection with natural immunity (without 
exclusion, however, of all manifestations of acquired forms of resistance), 
racial (specific) immunity, familial immunity, and individual 
immunity, as the special resistance to a given infection characterizes races 
(species), families, or individuals. Probably no better example of the 
first could be adduced than the immunity enjoyed against anthrax by 
Algerian shec]), while among other ovine species a high susceptibility 
prevails to the same infection ; and the difficulty commonly met in trans- 
mitting a numl)er of diseases of man to the lower animals, and the fre- 
quently seen immunity of man to infections common to the latter are, of 
course, illustrative of the same idea. In a general way, racial immunity 
in naturally allied .si>ecies is apt to be but relative, as may be appreciated 
in the fact that in reality the negro race, certainly at least in early life, 
is frequently infected by malaria, although popularly supposed to be 
highly immune. (See Malaria.) I'amilial immunity is much more 
difficult of exemplification, since family strains are subject to constant 
modification by marital laws and customs, and it is more easily appre- 
ciated by contrasting the more frequent evidence of family susceptibility 
to given infections, as tuberculosis, with the less frequent occurrence of 
the same affection in other picked family groups (although such illus- 
tration is by no means satisfactory, because of the numerous chances for 
confusion, from the particular proximity of the source of infection in 
the disea.se<l member of the family to the rest of the group, and similar 
elements of chance). It has been proved, too. by experimentation that 
an immunity ac(|uired by a mother may, in at least some degree and 
duration, be transmitted to her offspring, although the grade of immunity 
is by no means uniform in the latter. > Individual acquired immunity is 
common, but there is, too, as just indicalied, an individual natural im- 
munity. 

Members of the same family, not appreciably differing in other 
respects, may show a very marked difference in their ability to resist 
a given infection to which they have been exposed in common and appar- 
ently equally. So, too, in a series of inoculations in animals one not 
infrequently meets with refractory individuals whose resistance cannot 
be certainly explained by the presumption of acquirement. 

While immunity in neality rests upon the possible co-operation of a 
large number of factofs, recent studies have been especially directed 
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toward certain internal cellular and humoral phases; and in this rela- 
tion particularly, the terms active and passive immunity have been 
introduced. The first is characterized by the active production of im- 
munizing substances in the body of the individual; a production which 
is often permanently manifested, although not necessarily. The second 
may depend upon a number of inherent physical characteristics of the 
body, or may be dependent upon the artificial introduction into the sub- 
ject of efficient immunizing substances elaborated elsewhere, these induc- 
ing some grade of protection during the period of their retention, but 
not reproduced. This last is, therefore, characteristicly of but transient 
value. 

In infection and subsequent pathogenesis the specific micro-organism 
must have in some way gained access to the tiwssues in a susceptible indi- 
vidual, and in some cases at least must, in one or other way, find in such 
individual a proper habitat, in which situation it must develop, and by 
its presence and activities induce the changes which become manifest as 
the symptoms of the disease. Theoreticly, these eflfects may depeiul 
upon one or all of the following items: Just as any nonvital particle by 
its presence may induce mechanicly some degree of irritation and thus 
cause an inflammatory reaction, a similar influence may be presumed as 
existing from the presence of animate micro-organisms, and this may 
vary in importance and intensity with the distribution and nuihlier of the 
microbes. 

In occasional instances — as in anthrax embolism of the smaller 
blood-channels — occlusion of more or less important passages may be 
determined. Whether there is ever an abstraction by the invading mi- 
crobes in their life activities of matter essential to the host, is doubtless 
usually negligible; but possibly, also in such a disease as anthrax, where 
the blood contains large numbers of bacteria with aerobic requirements, 
it may be granted that some effect is brought al)out by the abstraction 
by the bacteria of some of the oxygen needed by the tissues for proper 
metabolism. 

By far the most important pathogenic item of infection, however, is 
the effect of the poisons or toxins elaborated by the pathogenic micro- 
organisms or produced under their influences from the body substance of 
the host (See Infection.) 

In interception or antagonism of any of these features, the factors 
of immunity manifest themselves; these possibly constituted of simple 
provisions, perhaps of ordinary structure or function, or in more intricate 
way involving the biochemic problems of life. 

The following table, while incomplete, gives a general idea of the 
different kinds of immunity 
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(After VON Offenheim.) 


Simple factors in the protective mechanism of the body 
egainst infectious diseases. While at present the attention of ex- 
perimenters is particularly directed along lines of theories explanatory 
of discovered cellulohuniural phenomena in connection with immunity, 
there should not be overlooked another series of factors which, undoubt- 
edly, are widely operative in securing to this or that individual or species 
protection against the invasion of microbes or their products. These, 
in their entirety, constitute a wide group which it is undesirable in the 
scope of this volume fully to develop, but brief reference to some should 
be made with a view of fixing the need of their recognition as often of 
futidamental value. 

Primarily, there can be no doubt of the relative efficiency of the 
skin and various membranous coverings of the tissues to 
protect against the invasion of microbes into the interior structures. The 
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danger of infection through lesions of the skin, from the merest abrasions 
to grosser wounds, is well understood, and no one who works in the 
autopsy room fails to appreciate the aid afforded by proper rubber gloves 
in lessening the danger of infection through unappreciated points of 
break of the epidermal covering of the hands. It is true that infection 
through the skin often follows exposure even when no recognizable 
lesion exists in the cuticle, probably mainly because of the retention of 
germs in such natural places of accommodation as the hair-sheaths and 
ducts of the skin-glands and their subsequent growth, invasion, or pene- 
tration into the subepithelial tissues. Even though, without known lesion, 
the possibility of the passage of bacteria through the mucosa and, in fact, 
the entire wall of the alimentary tube be freely admitted, and at the same 
time the existence of other than the purely mechanic barrier offered by 
the lining membrane of the tube be recognized, it is impossible to ignore 
the fact that, as yet, no such special antimicrobic substance has been 
demonstrated in the mucosa of the intestine in sufficient amount to ex- 
plain the necessarily high immunity of the wall to the hordes of bacteria 
present in the lumen of the tract, and we are forced to regard the fining 
membrane, for the time at lea^t, as mechanicly interfering with the 
penetration of the organisms into the tissues. 

While, on the one hand, the effectiveness of these protective mem- 
branes may in a variety of ways (existence of hyperemia as favoring 
phagocytic convection of organisms from the surface into the deei>er tis- 
sues, or the existence of special irregularities of the surface affording 
crypt-like positions for special lodgment and development of germs) be 
depressed, there equally exist in normal life a number of factors which 
may be thought of as augmenting their protective value. The constant 
shedding of epithelial scales from the surface of the epiderm not only 
rids the cuticle of its dead elements, but insures the removal of such 
micro-organisms as may be attached to these separating cells. The secre- 
tion which bathes the mucous membranes may be thought of in this con- 
nection; the hydrochloric acid of the gastric secretion, for example, 
serving as a more or less efficient antimicrobic agent, and destroying 
many of the organisms which are constantly being conveyed into the 
stomach; antibacterial power is known in the case of the urine, and 
doubtless an analogous influence is possessed in at least a low degree 
by other secretions. The prevalence of definite currents over surfaces 
exposed to microbic contact mtist be reckoned as no mean factor in dis- 
lodging the microbes and relieving the part threatened by their presence* 
Thus, the lachrymal secretion flowing over the conjunctival surface car- 
ries along not only particles of dust which have come into contact, but 
living germs as well, and the movement of the intestinal contents by 
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peristaltic activity leads to the complete discharge from the body of vast 
numbers of bacteria, indefinite retention of which within the bowel might 
well lead to harmful results. The protection which nature has provided 
for the lower respiratory passages and pulmonary structures includes a 
series of more or less effective arrangements for the prevention of con- 
vection of bacteria and other particles by inhalation to the air-vesicles. 
Over the surfaces of the passages there is constantly at least a thin layer 
of viscid mucus, by which microbes may be fixed when thrown in con- 
tact in inspiration, and, charged with such adherent harmful agents, this 
mucus may, from time to time, be dislodged and carried away, as by blow- 
ing the nose, coughing and expectorating, or by swallowing. The arrange- 
ment of these mucus-covered surfaces by foldings (turbinate bones), by 
anatomic adjustment (as in the obtusely angulated relation of the broad 
pharyngeal surface to the relatively horizontal plane of air inhaled through 
the nose), and by branching (the branching of the bronchial tubes) 
bespeaks an almost certain impact of these particles in inhalation upon 
the mucus, and insures the detention of the vast bulk of them and an 
equivalent purification of the air thereby. The special provision of cili- 
ated epithelium in the bronchial tubes and trachea, with the well-known 
upward current of the mucinous moisture on the surface induced by the 
sweep of the cilia, adds to the probability of expulsion of these foreign 
elements by bringing them with the mucus in which they are imbedded 
to a level where cough and expectoration become eft'ective. The loss of 
current of the air as it approaches the vesicles allows the settling by 
gravity of the germs u|X)n the mucous membrane of the tubules, and the 
current of mucinous material just referred to tends to their removal. 

So, in various parts of tlie body, mechanisms of more or less anal- 
ogous type exist in the anatomic structure and ailjustment of our parts, 
bearing upon tliis primary exclusion of l)acteria and other harmful par- 
ticulate agents, and thus constituting an elementary protective factor. 
1'his phase of the subject is almost axiomatic; and, clinically, a close 
relation l)etween the augmented chance of infection with fault of these 
provisions is frequently demonstrable, and is essentially to be reckoned 
as increasing in important grade the ports of entry for infections. 

It is well known that not every micro-organism may find, after intro- 
duction into an animal body, its requisite habitat and the optimum con- 
ditions for its development. Were this not true it might logically be 
supposed that many species of animal life would be equally susceptible 
to the known pathogenic germs, and that in fact the range of infection 
would be vastly increased by the probability of saprophytes and saprozoa 
frequently assuming parasitic roles. For a number of microbes there is 
an optimum location within the susceptible host, which should l)e reached 

s 
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before the chain of events known as infection is complete; a location 
in which the conditions appropriate for their development and for Uie 
operation of their harmful products prevail There are many instances 
in which the bite of a rabid dog is not followed by rabies in the victim, 
without remedial vaccination or special treatment of the original wound. 
It is true that there may be exceptionally active resistive power to explain 
such examples, but w'hatever the cause there is at least equal reason to 
presume that the infectious agents may not be conveyed from the site 
of inoculation to the neural cells. That tetanus bacilli are more likely 
to produce tetanus when introduced into deep penetrative wounds than 
when brought into contact with the tissues in superficial and open lesions ; 
that the cocci of meningitis may be found in the nasal secretion when 
there is no evidence of their presence in the cerebral meninges, as well 
as other similar examples, bear out such a supposition. 

It may well be that at the site of inoculation, in relatively unimpor- 
tant locations, the organism may find conditions sufficient for its needs 
and live, but that its dissemination to a more vulnerable situation may 
be prevented by the inflammatory encapsulation which it has induced 
at its primary position. In a given animal a microbe of definite para- 
sitic demands may fail to receive the optimum temperature for its devel- 
opment — a feature which Pasteur called out in his experiments in inocu- 
lating hens with anthrax, or which probably, in some measure, is explana- 
tory of the differences seen in the inoculability of different animals with 
piscian, mammalian, and avian strains of the tubercle bacilli. The avail- 
ability of aerobic or relatively anaerobic conditions in different sites of 
inoculation may similarly be appealed to, and just as there is demanded 
for special micro-organisms a fair nicety in the composition and reaction 
of culture media in the laboratory, there is equal probability that the 
composition of the pabulum afforded by different species may, in im- 
pyortant measure, determine the susceptibility or non-susceptibility of a 
given animal to a special type of microbe proved to be virulent at least 
to some group of animals. Failure of appropriate conditions in any such 
mode, whether of location in suitable position or in important part of 
the system, or in obtaining favorable circumstance of temperature, oxy- 
gen requirements, or a proper pabulum, may materially interfere with 
the reality of infection, or with the relative grade of effect, if acttiaily 
established. 

These latter items are not far removed from the biochemic features 
of immunity and susceptibility, and too dogmatic conclusions as to their 
precise part in the result are not advisable ; but, however interlinked with 
more clearly appreciated factors in the establishment of resistance# they 
cannot be refused at least scant mention. 
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Biochemic Factors in Immunity* — It is well known that in addi- 
tion to natural resistance against infection, upon which the previously 
considered factors bear the more appropriately, an immunity of varying 
completeness and duration may be acquired by an individual either as 
a postinfectious protection (i\atural acquired immu- 
nity) from the same infection or as the result of inducement by one or 
other of a number of purposefully directed measures (arti- 
ficial acquired immunity). It is similarly recognized that a 
natural resistance is, by a variety of circumstances, liable to reduction 
to a grade where the potency of resistance becomes susceptibility. These 
phenomena constitute the more striking features of the subject, and are 
underlaid by active physiologic reaction, and the processes concerned 
make up true immunization in contrast to mere protection by 
physical construction. They concern not only the freedom from infec- 
tion seen in selected individuals, but are the potent factors in the limita- 
tion of infectious diseases. Through their intervention, in spite of the 
failures which are constantly possible in the protection afforded by the 
physical means thus far discussed, implanted pathogenic micro-organisms 
may be destroyed early enough after introduction into the system to 
])rcvent their development and their influences, or by the same mechanism 
the severity of their effects may materially be reduced and their dura- 
tion in the body be limited (“self-limitation of infectious 
diseases^). 

For the explanation of the phenomena common to the infective dis- 
eases and of the limitation of the malady and the acquirement of post- 
infectious resistance, there are at least two modes of resistance which 
may be considered : c h e m i c and cellular. 

A# Q^mic Factors in Immunity.— 1 . Of the older theories at- 
tempted for acquired immunity, the so-called ’‘abstraction theory” sup- 
f>osed that each type of pathogenic germ required for its growth some 
special material which it found in the makeup of the susceptible individual, 
and that in the course of the disease this specific material was completely 
used, so that continuance of the special micrubic growth necessarily came 
to an end because of this deficiency, and that, at least in some instances, 
such special pabulum was never re-formed and, consequently, the same 
host could no longer support the particular type of microbe should it sub- 
sequently be introduced. Natural immunity was thought due to the 
natural absence of such .special pabulum from the constitution of the 
immune race or individual. The clear lack of support and the intro- 
duction of proven foundations for other speculations have caused the 
complete relegation of this idea. 
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A second of the older theories offered the idea that each ty|>e of 
pathogenic micro-organism during its active growth and persistence in 
the body of its host produced some substance which is essentially antag- 
onistic to the microbe itself; that this material by its accumulation re- 
stricted the duration of the microbes, and if retained inhibited growth 
upon subsequent introduction. There may be claimed a thread of con- 
tinuity from this older suggestion to our own present views. 

2. It has been known from of old that an attack of one or other 
of the infectious diseases successfully withstood may confer upon the 
subject an immunity against subsequent infection by the same malady, 
varying in its completeness and ranging from permanency to but brief 
duration, and that in a general way full health is more protective against 
the acquirement and severe results of infection than imperfect health, 
and that the age of the subject and a long series of other factors play 
some part in the general matter of liability to these diseases. Tlie work 
of Jenner in vaccination against small-pox, and more recently of Pasteur 
against chicken-cholera, anthrax, and rallies stanil out with special promi- 
nence among the earlier discoveries. Since 1880 the activity of study 
has made of the intervening period the richest in results in the appre- 
ciation of facts, in the elaboration of satisfactory explanations, and in 
effective warfare against these affections. Pouchard’s work, in 1884, in 
slxiwing the development of protective substances against 
cholera in the body of an infected individual, should be granted funda- 
mental value. Shortly after followed the recognition in the bkxxl of 
naturally existing protective principles by Fodor, Ilankin, Pehring, Nut- 
tall, and others — substances to which at the time Buchner, who likewise 
contributed, gave the name alexins. Nearly contem|x>raneousiy came 
evidence from Salmon and Smith, Priegerand Kitasato, Roux and Yersin, 
and others that a heightened resistance follows not only an actual attack 
of a given infection, but that it may be induced by proper introduction 
into the subject of the diffusible products of microbic growth — the toxins 
diffused in the culture fluid (exotoxins) or simply extracted; and the 
recognition that, besides the ordinary diffusible toxins, it is necessary to 
take into account the toxins which are not easily diffused, but are retained 
within the bacterial l>ody until its disintegration (endotoxins), soon 
offered an acceptable explanation for refractory instances in the appli- 
cation of the principle. In 1888, first, Richet and Hericourt demon- 
strated that the blood-serum of animals immunized against pyogenic cocci 
confers to other animals to which it is transferred a protective Value 
ajgSamst the same strains of bacteria. 

By these and other basic studies and a vast contribution of confirma- 
tory results there has, therefore, been established the fundamental idea 
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that infecting micro-organisms induce their specific effects by the pro- 
(liicHioii of a group of chemic substances of harmful import to the body 
known as toxins, and that in response to the appearance of these 
materials s p e c i f i c a n t a g o n i s t i c m a t e r i a 1 s (antibodies) are 
developed by the infected organism, and it rapidly came to be realized 
that the phenomenon of destruction of bacterial bodies by solution by 
the blood-serum (bacteriolysis), shown originally by Flugge and Nuttall, 
is based upon the same or closely allied princii)les. Later, too, the fact 
that not only are microbic toxins neutralized (antitoxiceffect) and 
bacteria destroyed (bacteriolysis), but also cells introduced into 
a foreign species (cytolysis); the poison of a few higher vegetables 
( ricin, etc.), of snakes, and of some of the insects are equally able to 
excite similar specific reactions, and there is strong reason for belief now 
that like principles attend the intricate processes of nutrition and the 
inodes of dealing with waste and detritus of the system. If not by iden- 
tical, at least by analogous interaction, other ])henomena, as the floccula- 
tion of bacteria and foreign cells (a ggl u t i n a t i on) and the precipita- 
tion from solution of dissolved proteid substances (by p r ec i pi t i n s), 
are included in this same category. 

The precise nature of toxins of the infectious organisms is not 
known, mainly because of the difficulty of their isolation from the ad- 
mixed albuminous and other substances derived from the medium in 
which the germs are grown and from the microbic bodies. Many sub- 
stances which are doubtless produced are probably nonspecific, and prob- 
ably only the minor bulk may be in any case suptn^seil to be truly specific. 
Hiey are dialyzable, precipitated by alcohol and ammonium sulphate, 
and may be modified in their toxic (lualities by age, exposure to light 
aihl air, to heating, or to the action of various chemicals. 

As a general term, the wonl antigen^ has been coined to indicate 
any substance which, when introduced into the living organism, excites 
a specific immunizing reaction with the formation of antilx>ilics. 

At present the most common acceptance regarris this process of 
immunity as a truly chemic one, obeying definitely chemic laws, as ex- 
pressed in the elal)orate theory of Ehrlich, known as the “ s i d e - c h a i n 
theory”; but there is a strong countercurrent of opinion which would 
not accept Ehrlich's views in their entirety and which, while accepting 
a basic idea of chemic change, would refer some of the features to physic 
combinations — adsorption rather than true chemic union (Bordet) fitting 
the molecules for actual cliemic interaction. 


* Am, against, and 1 produce; a term coined irom the prefixes of the 

two words antil^dy and generator. 
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Ehrlich’s theory: Ehrlich, taking the well-known ring of the graphic 
formula of some organic compounds, as the benzol molecule, for argu- 
ment, supposes each living molecule to be made up of groups of atoms 
or single atoms in analogous structural relation. The central and most 
important element or molecule, a primary molecule for the compound 
in each case, he speaks of as the vital center of the molecular structure 
(vital nucleus). Linked to this by valence bonds of affinity are sec- 
ondary, but important, groups of atoms or “side chains’" offering 
unsatisfied valences for combinations or possibility of substitution-com- 
binations in the structure. To these side chains the name receptor^ 
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is usually applied, and, where it is supposed that no other function than 
that of combination of an extraneous molecule is effected through such 
a receptor, the name haptophore- may be employed. The essential 
character of the molecule, however, resides in the dominant central **vital 
nucleus.” Similarly, he supposes the molecule of an antigen to be con- 
structed so that it may present at least an haptophoric side chain with 
proper affinity and valence fur combination with a receptor of the host 
molecule, while in addition it contains or is made up of other groups 
which, when linked to the host molecule, may induce in it special harmful 
or other effects. Typically, a toxin contains, according to this idea, a 
haptophore side chain (ha p top h ore) suited in affinity and valence 
for combination with a recejuor belonging to the host molecule, and of 
a molecule of toxic ability (toxophor e'^). by which it induces harm 
to the molecule with which it is linked. It is well known, as above stated, 
that from age, from chemic, and sometimes physic influences, toxins may 
lose their power to some degree and yet be capable of inducing protective 
reaction. It is this which has led Ehrlich to accept the idea of the essen- 
tial duality of the haptophoric and toxophoric functions of the toxin 
molecule, and he applies the term toxoid to those toxins whicli have 
naturally, or from purposeful change, lost this supposed toxophoric 

^ Part of a molecule of protoplasm having the power to attract atid combine 
with a molecule of food proteid, toxin, etc, 

a to seize; to carry. 

s poison ; to bear. 
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moiety. Contrasted, too, with typic toxins, analogous molecules with less 
affinity and with slower combining ability, or less power of maintenance 
of combination, are spoken of as toxons or epitoxoids. Ehrlich 
supposes that when the baptophore of a toxin unites with a receptor of 
the host molecule its harmful action may be restricted to the receptor 





Tbxitu 

Fig. 1. — The toxin molecule, 
showing the haptophore (combin- 
ing) groiij) and the toxophorc 
(poison) group. (After Ehrlich.) 
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Fig. 2. — Showing the combin- 
ing groups (receptors) of the cell. 
(After Ehrlich.) 


itself or the toxophorc may enter more widely in its effects upon the 
whole molecule, affecting fittally the vital nucleus of the molecule and 
destroying the whole group. 1 f this latter result ensues, molecular degen- 
eration and disintegration are fixed uj^on the cell of which the molecule 



Fig. 3. — Haptophores and toxophorcs united with the c^U, causing 
intoxication. (After Ehrlich.) 

is a .part, the process merely repeating itself sufficiently to vitiate and 
finally destroy the cell ; and, eventually, according to the importance of 
the affected cells or the extent of the same [>rocess through the body of 
the host, somatic life is endangered or ceases. If. on the contrary, the 
vicioUvS effect of the toxin be expended merely upon the linked molecular 
weptor, the essence and vitality of the molecule remain. Weigert’s 
theory of tlie prodigality of natural repair is now appealed to, Ehrlich 
holding that the damaged molecule repairs its lost receptor by the fonna- 
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tion of an excess of identical receptors at the location of loss, this con- 
tinuing thereafter for an indefinite period. From lack of accommoda- 
tion room upon the original molecule these excessive receptors are cast 
free, and as such are distributed in the body fluid, still suited for the 
combination with the same type of toxin molecules and of thus prevent- 
ing them from working the harm which would follow were the latter 
to combine with the cellular molecules of the host. In this free state, 



Fig. 4. — First stage of antitoxin formation. Toxin molecules 
attached to receptor. (After Ehrlich.) 

in the sense that they antagonize toxins by neutralizing them, they con- 
stitute the familiar antitoxins. These, according to Ehrlich's views, 
represent the simplest type of receptors (Receptor I of Ehrlich), and 
are illustrated by the antitoxins which are in common use in the treat- 
ment of diphtheria, tetanus, and of a number of other infections. Theo- 
retically, they should neutralize only the toxins of the infection, and 



Fig. 5.-~Second stage ; reproduction Fig. 6. — Third stage ; receptors leav- 

of receptors. (A htr Ehrlich,) ing the cell. (After Ehrlich.) 

should not possess any other antagonistic features (as toward the pre- 
vention or limitation of growth of the specific microbes in the host). As 
a matter of fact, however, in actual use this true preventive and curative 
feature is well established in addition to the major antitoxic ability, thus 
opening the question of the verity of the order in Ehrlich’s scheme 
or of the coexistence with the antitoxin of other orders of receptors. 
Clearly, however, in the course of an infectious case the neutralizing 
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value of such free antibodies in the fluids of the subject is operative, 
reducing the intensity of intoxication and hastening recovery when the 
actual microbic life is depressed or destroyed in the stage of decline of 
the disease. 

Ehrlich recognizes as a more complex type of receptors a second 
group (Receptors II) concerned in the phenomena of agglutination and 
precipitation (agglutinins and p r e c i p i t i n s) . In the well-known 
Bordet reaction of precipitation the antigen introduce<l into the animal 
is a dissolved albuminous material — as the albumin of the blood-serum 
fronv a foreign species — the power of flocculation anci precipitation of 
such material developing after repeated injection. Thereafter, if to the 
serum of the prepared animal a solution containing the special albumin 
used for injection be added, the latter is separated from solution and 



Fig. 7. — h'ourth stage; receptors Fig. 8. — Neutralization of toxin by 

(antitoxin) free in the blood- antitoxin. (After Ehrlich,) 

plasma. (.After Ehrlich,) 

forms a definite precipitate. The antibody here developed (precip- 
itin) is regarded by Ehrlich as made up of more than merely a freed 
combining side chain, more than a simple receptor such as antitoxin. It 
should be made up of at least a haptophore group, by which it attaches 
to the albuminous molecule, and a zymophoric^ group, throwing 
the molecule of albumin out of solution and causing sedimentation. Be- 
cause of the fact that precipitating power may be destroyed in the pre- 
cipitin-containing serum by appropriate heating, and because of the 
analogy to the coagulating ferments in curdling milk and in bl(X)d-coagu- 
lation, the peculiar moiety of the precipitin molecule is tentatively regarded 
as of enzymic nature. Serum whicli has thus been deprived of its pre- 
cipitating activity may have the altered precipitin fixed in saturation to 
the receptors of the albuminous molecules so that the subsequent addi- 
tion of active precipitin.s no longer avails to bring about the phenomenon, 
which is comparable to the similar action of toxoids in relation to toxins. 


^ leaven ; to bear. 
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Agglutinins (as* operative in the Widal reaction or in hemagglutitiation) 
are considered as analogously made up of a haptopbore side chain and 
an agglutinophore, the former serving for attachment to the re- 
ceptors of the molecular structure of microbes or foreign cells against 
which the subject has been immunized, and the latter also tentatively 
regarded as of enzymic nature and inducing in the cells changes fitting 
them to adhere in groups. Bordet criticises the assumption of this second 
order of receptors upon the question of its necessity, believing that by 
the mere adsorption of a suitable simple receptor colloidal changes may 
be induced in the molecular structure of the bacteria or foreign cells and 
the dissolved albumins, so that electrolytes (salts) in the solution may 
induce the agglutination and precipitation. 

To explain the actual destruction of microbes in the course of an 
infection, and the active prevention of development of the same germs 
in case of subsequent introduction into the body, Ehrlich assumes a tliird 
order of molecular receptors (Receptors 111), becoming, when freed in 
the serum, active in the following manner as complex antibodies. As 
pointed out above, one of the early observations utilized in our ideas of 
immunity indicated the natural existence of bactei iolytic substances in 
the blood-serum of animals, and again the increase of bacteriolytic power 
in the subject in the postitifectious period. Such substances destroy bac- 
teria by changes of erosion and vacuolization, which argue digestion 
(bacteriolysis), and similarly de^troy in specifically immunized 
animals various foreign cells which have been introduced (cytoly- 
sins, hemolysins, splenolysins, neph roly sins, etc.), are 
evidently the old “alexins'' of Buchner, and are essentially the true 
‘immune body."' They do not, however, exist in the individual 
as a single substance, but are formed from two potential elements, the 
complement and the specific amboceptor, the latter being the 
proper receptor and stabile on heating, the former a nonspecific material 
tentatively regarded as an enzyme and thermolabile. The complement 
is common to the fluids of all animals and at all times, and, although 
probably not absolutely uniform, may for the present occasion be so 
regarded, and may be substituted in experiment when inactivated by age, 
exposure to heat, or other means, by complement derived from any im- 
mune or nonimmune animal. It is thus not the si>ecific element in the 
combination, although it is evidently the active destroying agency in lysis 
or disintegration of formed antigens. Ehrlich's theory supposes the 
specific element in the destructive reaction to be a compound receptor 
having at least two haptophoric side chains or receptors, one of which 

' Term here used in the same sense common among German writers, and not, 
as often in England and this country, as synonymous with the specific amboceptor. 
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IS exactly suited in valence and affinity (haptophore) for fixation 
to the molecular structure of the specific microbe or other foreign cell 
in question, the second adapted for fixation to the complement molecule 
(comp le men top ho re). It thus serves the purpose of binding 
together the antigen and complement in such manner that the ferment- 
complement may act upon and digest the molecules of the former, and 
eventually disintegrate the whole antigen. The amboceptor or double 
receptor has been designated by a number of terms, and some confusion 
and no little mental bother have been occasioned thereby. The fact of 
its specificity and its necessity, therefore, in actively immunizing the 
subject against a given infection has, with no im})ropriety. led to its 
designation a:s the immune body, the sensitizer, substance sen- 
sabilitrice, desman, intermediate body, and fixative. Ambo- 
ceptors presumably exist naturally in the serum Of animals, accounting 
in part for the phenomenon of natural immunity; for the bactericidal 
power seen in selected examples of noiiimmunized sera; for the hemo- 
lytic ability of certain normal sera for the blood-cells of certain foreign 
Species, and other analogous phenomena, and their presence in excess 
in immunized sera may thus be referred to the same profuse re-formation 
after such normal side chains have been fixed and destroyed by the 
bacteria of an infectious disease or other antigen, as appealed to in the 
formation of antitoxin. 

Here, too, the same type of tentative objection is raised. Is there 
necessity for presuming the existence of such special complexity? Is it 
not iK>ssible that even simple receptors of appropriate combining power 
may, even by physical adsorption, rather than definite chemic combi- 
nation (the latter, of course, possible), so alter the antigen molecular 
structure that it is fitted for the subsequent action of the complement 
always pre.sent? But whatever objections may be raised it is certain that 
the presentation of Ehrlich's theory has greatly stimulated study and, 
as a working explanation, has gained a strong hold on the profession. 

According to this view, natural active immunity depends upon the 
normal existence of amboceptors in the blootl, wdiich serve to prevent the 
infection from development by bringing into effective relation with its 
micro-organisms the ferment-like complement to accompli»h bacteri- 
olysis. Should such amboceptors be deficient at the outstart of the in- 
fective course, they are presumed to develop in efficient quantity as the 
molecular regeneration of these complex receptors proceeds in its course, 
and the definite limitation of the disease is l)elieved to be established 
through their agency. Operating with the bacleriolysins in the course 
of the affection, the excessively produced simple receptors or antitoxins 
aid in important degree by neutralizing the toxins generated by the mi- 
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crobic growth. Both, but with particular reference to the amboceptorsi 
continuing to be generated by the cells of the subject after the disease 
has run its course, are, by their presence, believed to safeguard the indi- 
vidual from further influence by the same type of micro-organisms (post- 
infectious active immunity). The applications of the theory to an arti- 
ficially or experimentally acquired immunity is also to be considered. 

B. Phagocytic Tlieory* — Contrasted with the above, but at the 
same time with certain evident relations, is the phagocytic theory 
of Metchnikoff, which ascribes the destruction of bacteria and other 
formed antigens to the power of the leucocytes and other cells to en- 
globe these elements and destroy them by endocellular <ligestion. These 
cells, appropriately named phagocytes or devouring cells, in- 
clude principally the leucocytes, endothelial cells, and occasionally also 
others. The polynuclear leucocytes — the microphage s — are held 
chiefly active in the destruction of bacteria, and the other tyf)es — mac- 
rophages — as concerned particularly with the destruction of animal 
cells introduced into the system, or of cells l)elonging to the system, but 
requiring disintegration and removal. The phagocytes are believed to be 
attracted by a positive chemotaxis to these elements, or to be 
repelled by a negative chemotaxis, a relation w^hich becomes 
heightened and persistent by the repetition of activity after experimental 
immunization, or after the natural course of an infective disease. The 
destruction of the englobed antigen is believed to be accomplislied by 
enzymes which are developed and retained within the phagocytic Ixxly 
(perhaps in minor degree found in the serum as the result of dCvStruc- 
tion of phagocytes). Collectively, these digestive materials are spoken 
of as cytase.^ Metchnikoff accepts the idea of another and probably 
specific material emanating as a diffusible product of the phagcKyte. play- 
ing the part of a fixative, and in more or less degree responsible for 
the phenomenon of attraction. This substance in the .serum is supposed 
to act upon the antigen (bacteria, etc.) without, however, imj^airing its 
integral structure or vitality, so as to fit it for the action of the cytase. 
Its possible relation with amboceptor and with Wright’s opsonin^ 
may thus easily be brought into question. 

The basis for this theory is firmly fixed in the well-known englobe- 
ment of bacteria and other foreign cells by leucocytes and other cells 
of the experiment animal after their introduction into the serous cavi- 
ties, intravenously, or into the tis.suc8 of tlie subject, and in well-estab- 
lished increase of phagocytic activity after repetition of the experiment. 
Metchnikoff at first held that the latter — this readiness of attack— might 

1 cell, and ase ; cell -ferment, 

* Opsano, prepare food for. 
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be thought the result of the educative acquirement of appreciation of an 
antigen repeatedly encountered, an acquirement passing continuously to 
new phagocytic elements in some manner. This suggestion, however, 
never obtained any acceptance, and only after the adoption of the idea 
of a specific fixative or when Wright urged upon the profession his 
opsonin was there believed to have been assumed a proper scientific 
theory explanatory of the phagocytic phenomena, which had so certainly 
been demonstrated by Metchnikoff and his pupils. There is no clear 
explanation offered by the theory for antitoxic immunity, but there is 
reason to believe that closer study will show a relation. At least by 
introducing into a suspension of living leucocytes containing known 
eosinophilic proportion, toxins of diseases known to be accompanied by 
eosinophilia, Allen J. Smith has found the proportion of cells showing 
granules of this type distinctly increased, from which, tentatively, arises 
the conclusion that these granules (and possibly the neutrophilic and 
basophilic granules of other cells ) are in reality not hereditary character- 
istics, but are of intravital development under toxic stimulus, and may thus 
represent antitoxic products. Wliether diffused or freed in globular 
form after destruction of the cells (phagolysis) is uncertain; but 
at least the possibility of their contribution to the antibodies of the serum 
is not thus far shown impossible. 

1 . Artificial Acquired Immunity. Vaccination. — The first 
evitlence of the purposeful transmission of an immunity was Jenner’s 
vaccination against small-i)ox, accomplished by inoculating the unpro- 
tected subject witli a virus obtained from the cow affected with cow- 
pox. For a long time this remained unparalleled until, some eighty years 
later, Pasteur showed that by utilizing for inoculation a strain of anthrax 
bacilli known to have had their virulence depressed by culture at a tem- 
perature above tlie optimum a similar resistance may be induced in 
I)reviou.sly susceptible animals.' Following the general principle of 
utilizing specific micro-organisms of lowered virulence for the produc- 
tion in the unprotected individual of a mild course of the disease in 
question, it is sought to have developed by the somatic reaction specific 
antibodies, which, by their subsequent presence in the system, will guar- 
antee an active protection against the same disease. The measure is 
analogous to the old habit of inoculation of human beings with virus 
from cases of small-pox during the prevalence of mild types, haturally 
selecting the least intense cases as the source of the virus and timing the 
inoculation to coincide wkh periods of good general health of the ihdi- 

^ Chicken cholera vaccination by Pasteur really preceded, old cultures deteri- 
orated by exposure forming the vaccine; but in case of anthrax the definite purpose 
of heating to diminish virulence furnishes a clearer example. 
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vidual to be inoculated. It is likewise analogous to exposure of healthy, 
unprotected children to others suffering lightly from measles during 
epidemics of characteristic mildness. The artificial depression of viru- 
lence of the specific germs is accomplished in a variety of ways (in a 
general way by modifying their conditions of life), as by culture at an 
excessive temperature (anthrax) ; by passing them through resistant 
hosts (small-pox in the cow to the production of vaccine, or by passing 
anthrax through guinea-pigs) ; by reducing the moisture of their medium 
of growth and, perhaps, inspissation of the germs themselves (as in the 
preparation of the supposed antirabies vaccine, or that of symptomatic 
anthrax); by varying the oxygen available in cultures or by addition 
of restraining chemicals to the culture medium (anthrax) ; by exposure 
to light and air (chicken cholera, etc.). Active immunity may be in- 
duced, too, by inoculation of specific organisms killed by trituration, or 
heating or other means (as in the familiar opsonic vaccines of Wright, 
or the cholera and plague vaccines of Haffkine, etc.), and, presumably, 
the identical reactions follow in all these cases, varying in degree, but 
leading to the formation of antibodies and to special facilitations for 
phagocytic activity. 

Opsonic vaccination^ as introduced by W right, contemplates a 
sj>ecial augmentation of phagocytic destruction of the germs of a given 
bacterial disease. Metchnikoff's original idea of phagocytosis as- 
signed all increases in phagocytic activity to the phagocytes themselves. 
Wright and Douglass, however, by comparing the activity of leucocytes 
in serum and of washed (^serum-free) leucocytes, have shown that nor- 
mal serum, even if nonbacteriolytic, must contain a material which 
greatly aids in the process of phagocytosis, and by comparative experi- 
ments after introducing killed bacteria recognize in the latter o|>eration 
a method of increasing this facilitating material, which, in a general way, 
is specific for the organisms experimented with. It is clear, too, from 
their experiments that this substance acts not upon the phagocytes, but 
rather upon the bacteria, preparing them in some way for the phagocytes. 
This material these authors denominate opsonin (that whidi prepares 
the antigen so as to attract phagocytes and render its destruction more 
easy). An analogy may be inferred to the fixatpr of Metchnikoff. What 
relation opsonins l>ear to the Ehrlich antibodies is not dear liecause of 
our imperfect knowledge. The practical application lies in the fact that, 
by appropriately repeated injection of killed cultures derived from an 
already prevailing and resistant infection (as in furunculosis), the op- 
sonic attraction of the living bacteria in the subject is increased, and 
thereafter phagocytic destruction of the living infection i$ facilitatetl. 
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It should be added in passing that it has been suggested that certain 
substances may be found which stimulate phagocytes into activity. They 
are spoken of as s t i m u 1 i n s , but their character and even their exist- 
ence is uncertain. On the other hand, Bail, from experiments showing 
that mixtures of sterile tuberculous exudate and living tubercle bacilli 
injected into the peritoneal cavity of experimental animals are rapidly 
fatal, wdiile the same ingredients injected separately are not fatal, believes 
that there are substances which, acting ujx^n bacteria, increase their viru- 
lence. Tliese he speaks of as aggressins, and there is a suggestion 
that the leucopenia of certain severe cases of infective diseases may, in 
some way, depend upon these. 

Experimentally at least, another type of vaccination is possible, 
although in practice little development has been accomplished. This is 
a method depending upon the inoculation of the susceptible 
individual with minute amount of ordinary virulent 
bacteria of the disease in question, with appropriate repetition with 
increasing quantities of the same germs. The underlying purpose is that 
(»f stimulating the cellular reactions by dosages of bacteria distinctly 
l(*vver than the known minimum lethal quantity. The inherent danger 
of failure of accurate estimation of quantity ami danger of noninhibited 
incubation make the method one of doubtful utility, even though in 
experimentation it is of suggestive promise. 

2. Artificial Passive Immunity.— The introduction into the sys- 
tem of antibodies of any type, fonned eEewherc and not by the active 
agency of the body elements of the individual to be protected, may, for 
the i)erio<l <luring which these substances are retained unchanged, grant 
protection against their specific antigens ; but with their modification b\ 
the bo<ly constituents or their excretion by one or other route, the pro- 
tection disappears and there is induced, of course, by their presence no 
active production of similar substances. On tlie contrary, production of 
material antagonistic to themselves or their vehicles of transmission may 
be apprehended. However, during the period of their persistence the 
presence of antitoxic and antibacterial elements is of distinct value to the 
otherwise insufficiently protectc<l subject. The use of antitoxin for diph- 
theria illustrates the subject fairly. A suitable animal — the horse — is 
highly immunized by repeated intravenous injection of gradually increased 
amounts of the toxin of diphtheria free from diphtheria bacilli, derived 
by filtration from cultures. The development of antitoxin in the serum 
the animal is from time to time tested against a known toxin, and 
when sufficiently heightened the animal is bled and the serum containing 
the antitoxin separated from the clot. This serum constitutes the com- 
niercia) antitoxin. The minimum lethal dose of toxin being determined 
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(the smallest amount killing with certainty in four or five clays a guinea- 
pig of 250 Gm. weight), the antitoxin is standardized in its dosage, upon 
the arbitrary basis proposed by Ehrlich, that one unit of antitoxin should 
neutralize precisely one hundred minimum lethal doses of toxin. In 
practice it is found that from age deterioration the toxicity of toxins 
diminishes with greater rapidity than does the antitoxic value of antitoxic 
serum, at least in the dried state; and, therefore, a recognized antitoxin 
is utilized as a standard of comparison for the determination, first, of the 
toxin, with its epitoxoids, against which then the unit value of the fresh 
antitoxin is standardized. 

The antitoxin is therapeuticly administered for the purpose of 
neutralizing toxins which are developing in the course of the specific 
infective disease, and both logically and in practice must, for its best 
effects, be employed early in the affection, before opportunity for com- 
bination of these poisons with the somatic molecules lias l)een followed 
by resultant degenerations and necroses. Its purpose is essentially cura- 
tive. Yet in practice there is also recognized a preventive value, indi- 
cating the coexistence of antimicrobial or inhibitivc elements as well, 
although this feature is by no means to be relic<l upon. 

In this connection there has arisen a realization of a practical danger 
appearing upon repetition of serum injection in tlie occurrence of occa- 
sionally rapidly fatal results ascribct! to the serum itself. More fre- 
quently skin eruptions, dyspnea, ami other uncomfortable or alarming 
but non fatal symptoms have been encountered as manifestations of this 
so-called ^ * s e r u m disease.’' ( See p. '‘’***. ) h>om the work of 
Rosenau, especially, there has come to he recognize<l in this phenomenon 
a possibility of sensitization of the subject to the foreign serum, spoken 
of as anaphylaxis.^ It is particularly brought out if primarily a 
very minute amount of the serum is injected, followed after appropriate 
interval by ordinary flosage. While not clearly understood, it is thought 
that the toxic results dejicnd upon the existence in the proteins of the 
serum of at least a certain amount of a veritable fx>ison (allergin) com- 
bined with nontoxic hapto[>horous elements; that a special facility of 
attaching the latter is developed by the exhibition of small doj»age, and 
that when later large doses are introduced this combining facility insure^ 
increased combination of the toxic moiety with the molecular receptors 
of the host. 

Welch has urged that if the toxins and microbic bodies (antigens) 
produce a special resistance in the tody of a susceptible host there 
should logically be develoi>ed a similar resistance (and, therefore, viru- 
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lence) in tlie microbes themselves by reaction to these antagonistic fac- 
tors, and it may be suggested that this possibility may well underlie the 
well-known fact that increase of virulence in strains of bacteria is known 
to follow their passage through special animals or their cultivation on 
special culture media. 

The immunizing influence of dnigs, as of quinine, as a protective 
and remedial agency for malaria, mercury in syphilis, the nontoxic ar- 
senic preparations in trypanosomiasis, is omitted as scarcely suited to the 
present discussion, although it unquestionably has an appropriate bearing 
upon the question. The question of mutual antagonism of micro-organ- 
isms, too, is here passed over, because, although there are a few data 
which are suggestive of promise, nothing of sufficient value is known of 
the subject to make the presentation profitable. 

In n'sitnic it may be said that both passively and. to some extent, 
actively the individual is naturally protected by structural and physio- 
logic mechanisms, by membranous coverings of tissue and by the 
inlluence of natural or not materially modified secretory and other func- 
tions ; that if, in spite of such provisions, pathogenic micro-organisms 
shouM gain access to the ijitcrnal structures of the body there is a pos- 
sibility that unfavoralde conditions for development may prevail, and 
that for at least a number of organisms the natural phagocytic ability 
of the leucocytes or otiier cells, and the normal presence of suitable 
chemical antibolics, may cflVctually iniiibit growth : and that in event 
of pat!u\genesis there arc by hiochemic means induced antibodies, part 
effective against cellular antigens ( bacieriolysins, cytolysins), and part 
effective against the poisons of the disease fantitoxinsl, and that in each 
a definite factor of specificity ]>revails. Effectual operation of such agen- 
cies means the limitation of e.stablishe<l <lisease. ami explains the expected 
postinfectious immunity; and the transmission of these agents from an 
ininiunizeil to a susceptible individual grants a transient and passive 
immunity to the latter as an artificially induced condition. 
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HYPEREMIA. 

By hyperemia is understood distention of the blood- 
vessels with blood beyond the ordinary volume. Every 
overdistention of the vessels is preceded by dilation of the vessel lumen. 
Dilation of the lumen may depend upon: — 

1. Paralytic states of the muscularis (tunica media) 
of the arteries and veins; 

2. Atony^ of the walls of the arteries, veins, and capillaries; 

3. Organic alterations of the constituents of the 
walls of the arteries and veins; or it is: — 

4. Purely passive. 

Paralytic dilation affects only those areas of the vascular system 
which possess a muscular layer; consequently, the capillaries arc never 
involved. It depends upon the vessel nerves and is produced by paral- 
ysis (or section) of the .sympathetic (vasoconstricting gray nerve-fibers, 
vasoconstrictors), or by irritation of cerebrospinal nerves (i.c., of the 
.so-called vasodilators). 

Atonic dilation is dependent upon nutritive disturbances, whereby 
the nutritive tension of the vessel wall or of certain parts (in the arteries, 
veins, and capillaries) is diminished or abolished by nutritive disturbance. 

The organic alterations upon which dilation of the lumen 
depends consist essentially in growth. The intima especially is apt to be 
involved, although the cause is usually an organic alteration of the media. 
The proliferation upon which the growth dejiends causes persistent, per- 
manent dilation of the ves.sel lumen. The physiologic analogue of this 
alteration is the dilation of the vessels of the uterus during pregnancy. 
Permanent ectasis affects either the arteries (artcricctasia or ancurysmd) 
or the veins (phlcbcctasia or varix) ; it is either limited (local) in extent 
or it involves large areas of the vascular system. . 

Passive dilation occurs not only as a result of increase of blood- 
jiressure upon the inner surface of the vessel wall (by augmentation 
of the so-called lateral pressure), but also as a result of diminution of 
the pressure exerted upon the external surface of a vessel. In the 
former instance all parts of the peripheral vascular system are quite 

^ T onus is the inherent nutritive tension of all living parts. 
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imiformly altered; m the latter, chiefly the veins and capillaries are 
altered, because the arteries, owing to their richly muscular walls, are 
more resistant. 

The dilation and increased filling of the vessels cause the intense 
redness of hypereinic parts. In this respect they may resemble parts 
in which an increase of vessels has occurred as a result of new formation 
(vascularization), and, on the other hand, they may easily be mistaken 
for parts in which hemorrhages (hemorrhagic infiltrations) have occurred. 
All three conditions: hyperemia, vascularization, and hemorrhage, fre- 
(juently coexist. 

In every instance in which the strongly distended vessels can be 
recognized by the naked eye, they are either arteries or veins, never 
capillaries; the latter are tw small to be recognized as independent ves- 
sels. Capillary hyperemia, therefore, always appears as a uni- 
form redness like that of the lips. In hyperemia of the cheeks, on the 
other hand, very fine red lines and points can generally be recognized ; 
these are always superficial veins. In general, the question as to whether 
the visible vessels are arteries or veins must be decided in each organ 
according to the mode of vascular distribution. 

Two forms of hyperemia are to be distinguished: Active (arte- 
rial) hyperemia or fluxion, and passive (venous) hyperemia or 
passive congestion. 

Inactive hyperemia the bloo<l flows in greater vol- 
ume and with increased velocity into a vascular area 
in which the resistance, in comparison to the propel- 
ling force, is diminished. 

In passive hyperemia the blood -stream is retarded 
by increase of the opposed resistance, in consequence 
of which a local accumulation of blood occurs in front 
of the impediment. 

The impediments which cause slowing of the hlood-strcam in passive hyper- 
emia are, in very many cases, located in the venous area and are frequently 
mechanic; the vessels themselves remain passive. This is the reason why con^ 
gestive hyperemia is often designated as p r i m a r y venous h y p c r c m i a or 
passive congestion. On the other hand, active hyperemia, which is 
decidedly arterial in character and is caused by relative increase in the propelling 
forces, 1 is designated as active congestion. This terminology, however, is 
not wholly correct, since the vessels may remain passive (by dilation of the lumen, 
relaxation of the muscularis) in both passive congestion and fluxion, and the imped- 

/ Since ancient times the view has been held that fluxion develops in those 
localities where an augmented flow of blood through the tissues or increased 
'K'tivjty of the vessels occurs as a result of especial irritation. Indeed. Hippokrates 
formulated the thesis : stimulus, ibi affiuxus** 
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iment in congestive hyperemia may be situated also in the arterial vascular area, 
under which circumstances passive hyperemia is a primary arterial phenomenon. 

The blood flows in a closed vascular system. As is known, the 
cause of the flow is the diflference in pressure existing in the different 
areas of the vascular system. The blood-pressure ^ depends upon the 
propelling force (energy of the heart) and the resistance- offered to 
the blood-current. 

In every increase in the blood-pressure, whether due to increase of 
the propelling power or diminution of the opposed resistance, the in- 
creased pressure within the blood-vessels is distributed uniformly in all 
directions; consequently, the pressure exerted upon the inner surface 
of the vessel (lateral pressure) also is increased, and dilation of the 
lumen occurs. At the same time the v e 1 o c i t y — being inversely pro- 
portional to the resistance — is increased as a result of diminution 
of the resistance or increase of propulsion. 

Augmentation of the blood-pressure from diminution of the resist- 
ance or increase of propulsion may occur either as a result of local 
increase of pressure without alteration of resistance, or when in general 
increase of pressure the resistance in certain vessels or vascular areas 
is unequal, or when local diminution of resistance occurs without altera- 
tion of propulsion. Accordingly, three groups of fluxion (active 
hyperemia) may be differentiated: — 

1. Through local increase of pressure. This occurs as 
the result of some impediment which allows less blood to flow through 
an arterial branch or capillary aYea. y\s a consequence of this the blood 
first congests in front of the impediment,'* but then flows in greater vol- 
ume and with increased velocity through the nearest lateral arterial 
branches or the neighboring capillarie> { so-called ‘‘collateral chan- 
nels’’). Tlie impediment, therefore, causes an increase in the blood- 
pressure in the collateral vessels without diminution of resistance within 
them. This is the form known as collateral (compensatory) 
h y p e r e m i a ^ 

1 The blood-pre.ssiire in the aorta corresponds to a column of mercury 250 inm. 
in height; it gradually declines from here, amounting in the capillaries to only 
40 mm. mercury, and is negative in the vena anonyma: —0.1 mm. of mercury. 
Like all other fluids, the bloofl flows from places of high pressure to places of lower 
pressure. 

2 To the impediments belong: .size of the area of contact between the blood 
and the inner surface of the vessel (adhesion) ; condition of the internal surface 
of the vessel ; consistency of the blood, and the pressure exerted upon the external 
surface of the vessel. 

®This is local congestion. 

4 In this state the vessels are entirely passive, not active. 
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This form of active hyperemia is observed in the most varied forms 
of impediments to the blood-current in the arterial, capillary, and even in 
the venous area. In the arterial area the impediment may be compression, 
ligature, embolism, thrombosis, amyloid degeneration, or cicatrization; 
in the capillaries it may be every alteration accompanied by diminution 
in the size of the lumen of the capillaries, c,g., cloudy swelling of the 
parenchyma of different organs, ^ amyloid degeneration and embolism of 
the capillaries, the stadium of complete hepatization of fibrinous pneu- 
monia and mixed fibrinocatarrhal pneumonia, the chill stage of fever,- 
and, finally, in the venous area, every hindrance to the blood-current 
which causes passive congestion. ’* 

2. T h r o u g h general i n c r e a ^ e of pressure and un- 
e (1 u a I o vv e r of resistance of the arteries and capilla- 
ries. General increase of bIood-pre*'Sure always depends upon an 
increase of cartiiac action ; the une(|ual power of resistance depends 
ujH)n antecedent affections. Xew-formed blood-vessels particularly, cjj., 
in freshly heale<l wounds, are more intensely injected during increased 
heart action f( blowing bodily exertion or excitement, etc., than the 
remaining vessels, because their walls are less ca])a]de of resistance. The 
same jihenomenon is frequently observed in those ])arts which have 
recently been the seat (ff inllanimatory alterations, c.g,, upon the skin 
and visible mucous membranes. 

3. Through local decrease of resistance. Provided 
tlic force of the heart is nc»t weakened, this depends most frequently 
iiptm relaxation or paralysis of the vessel walls. It may originate also 
as the result of diminution of the pressure exerted upon the outer sur- 
face. e.ij,, on removal of tuin<n*s (secondary fiuxion^), which chiefly 
compressed arteries, and, finally, as a result of nutritive disturbances, 
cspt'cially not very extensive fatty metamorphosis in the walls of the 
smaller arteries (so-callcd atonic form of active hyperemia). 


' In the kidney in parenchymatous nephritis, when the cloudy swelling is 
eonhned to the cortex, anemia of the cortex and compensatory or collateral hyper* 
cmia of the pyramids arc observed. 

2 Here collateral hyperemia of the internal organs is produced as the result of 
cutaneous anemia. 

^ In congestion in the veins the congestion extends backward to the capillary 
area, and every obstruction in the capillary area produces, as above stated, callateral 
hyperemia. 

^ Secondary fluxion occurs, for example, when the external pressure to wdiich 
a vascular area has for a long time been subjected is suddenly removed, as in the 
peritoneum or the pleura after sudden withdrawal of a large amount of exudate, 
h may be so marked as to cause a high degree of anemia in other organs and by 
consecutive abstraction of blood from the brsin produce syncope. This form of 
fluxion is probably due to defective elasticity and contractility of the vessel walls 
(resulting from prolonged external pressure), which after removal of the pressure 
give way to the inflowing blood. The marked secondary hyperemia which occurs 
after suspension of the anemia caused by an Esmarch bandage, and is often followed 
hy severe parenchymatous hemorrhage, also belongs here. 
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Relaxation or paralysis of the walls occurs as the result of nervous 
influence upon the muscularis of the arteries. According to the nature 
of the action, three subdivisions may be distinguished: the paralytic, 
the r e f 1 e X (psychic), and the i r r i t a t i v e form. 

The paralytic form of active hyperemia is observed 
on division of the sympathetic (by suspension of the influence of the 
vasoconstricting fibers, so-called vasoconstrictors^); by use of strong 
electric currents; during the action of mild heat, c,g., of the hot sum- 
mer temperature, warm and especially wet fomentations; and after trans- 
itory action of cold, which first produced anemia or passive congestion. 

To the reflex form of fluxion belongs the hyperemia of the 
mucous membrane of the uterus during ovulation ; the hyperemia of all 
richly vascular organs during function; of the conjunctiva in irritation 
of the nasal raucous membrane, and in overtaxing of the retina ; of the 
head after meals, and the hyperemia of certain areas in emotional ex- 
citation (psychic form) with the character of exaltation: anger, joy, 
envy, lust, and shame. 

Irritative hyperemia is produced on employment of certain chemic 
irritants: so-called rubifacients- ; furthermore, as the result of me- 
chanic irritation, c,g., by friction and scratching,*^ by massage, and, finally 
in richly vascular parts in inflammation. 

The symptoms of active hyperemia are: injection, swelling 
elevation of temperature, and pulsation. 

Injection-* is recognized by the pronounced redness. Since in thi? 
condition richly oxygenated arterial blood is forced in increased amount 
and with greater velocity through the arteries and capillaries — i.c., an 
excess of highly oxygenated blood and, therefore, of oxygen, is brought 
to the capillary area — while the tissues take up only as much oxygen as 
they can use, the gas exchange in the capillaries is incomplete and richly 
oxygenated, arterial blood enters the veins. In this manner the whole 
hyperemic area is flooded with arterial blood, and, as this is bright red, 
the whole area appears bright red. In organs with relatively few anas- 
tomoses and in local irritation, the injection is more sharply defined. 


^ Section of the splanchnic nerve h followed by marked hyperemia of the 
abdominal vessels; also contraction of the pupils after section of the cervical 
sympathetic. 

2 Here belong: pungent oils, ammonia, ether, alcohol, acids, alkalies, and 
others. 

3 Rubbing and scratching fir.st produce transitory anemia ; then hyperemia. 

4 Injection (injicere: to throw in) signifies, strictly speaking, to force in, 
the blood being driven into the vessels with greater force and increased velocity. 
Injection is employed also to designate filling of the arteries or of the vessels m 
general. 
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punctate, mottled, wedge-shaped, and lobular; in other cases more 
diffuse.^ 

As a result of the greater filling of the vessels, the affected area 
is increased in volume (swollen). In many cases this swelling is 
so slight that it is recognized with difficulty. 

Elevation of temperature is subjectively perceptible, and produces 
a sensation of burning heat in the skin. Objectively, it can be measured, 
and in the rabbit’s ear, on section of the cervical sympathetic, it amounts 
to from 5® to 7® C. 

Pulsation is observed more frequently subjectively than objectively, 
especially in localities inaccessible to direct observation (pulsating tooth- 
ache, throbbing headache). 

In most cases active hyperemia is of too short duration to be fol- 
lowed l)y any secondary phenomena. At all events, increased afflux of 
arterial blood does not lead to augmentation of nutrition or function. 

• When of long duration or of high intensity, and especially when 
])resent in tissues of loose structure — such as the subcutaneous, submu- 
cous, and subserous tissues, the lungs, etc,, also in areas which have been 
the seat of antecedent affections or which are attacked by an inflam- 
matory irritant — active hyperemia is associated with watery exuda- 
tions from the vessels. In the skin, wheals and nodules, which can 
readily be diminished on pressure, make their appearance, and in the 
neighborhood of inflammatory foci collateral edema is produced : wdema 
piilmonum. 

Active hyperemia frequently gives rise to hemorrhage,- espe- 
cially in localities (brain and lungs) in which the vessels for any reason 
(nutritive disturbances, inflammation, chronic alterations, new forma- 
tion, etc.) are in a weakened condition, i.c., in a state of reduced resist- 
ance. In men.struation, also, active hyperemia precedes the bloody dis- 
charge. 

When fluxion is of long duration or frequently recurs, exfoliation 
of the epidermis is observed (furfuraceous desquamation 
after measles ; m e m b r a n o u s d e s q u a m a t i o n after scarlatina, etc. ) . 

The wall of the vessel in comparison with the lumen is always 
thinned by the more intense filling. If this condition persists for a long 
time, the disproportion l>etween the thin wall and the dilated lumen is 
compensated by gradual increase of the mural constituents (thickening 
of the wall). In this manner collateral hyt>cremia may develop into a 


] The phenomena of hyperemia as well as all circulatory disturbances disap- 
pear in the cadaver, because the distribution of the blood is altered after death. 
(Seep, SI.) 

*Sec nemorffiages from internal causes; hemorrhagic diathesis, pp. 57-65, 
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collateral circulation, the pathologic state be replaced 
by a physiologic. 

As above stated, relative increase of the propelling 
po w e r of the heart is the cause of the more intense filling and increased 
velocity in active hyperemia. On the other hand, relative increase 
of resistance ( relative in comi)arison with the propelling force ) 
is the cause of passive congestion. 

F'roin what has been stated, it is plain that relative increase 
of resistance causes a diminution of the difference in 
pressure. Consequently, slo\ving of the current and local 
accumulation of blood occur. If the resistance increases so 
that it equals the blood-pressure, the differences in pressure cease and 
the blood-current is brought to a standstill (stasis). 

This relative increase of resistance may be due to a b - 
solute in c r e a s e of resistance (in unaltered or insufficiently 
increased propulsion) as well as to diminution of the p r o p u 1 - 
sive force of the heart^ with unaltered resistance. 

Increase of resistance may be due to various causes. Alterations 
which diminish the size or occlude the lumen of a vessel or of a whole 
vascular area are frequently found. The blood then accumulates in 
front of the obstruction, which causes collateral hyperemia (fluxion) in 
the arteries and congestion in the veins, since in the latter the bl‘.>od- 
pressure is considerably lower and the congestion gradually extend^ back- 
ward to the capillaries. In addition, the venous collateral channels are 
in many cases not large enough to allow all the congested b!cx}d to flow 
onward. 

It is usual to distinguish local and general congestion. The 
former is characterized by the fact that it occurs in a circumscribed area. 
In general congestion, on the other hand, the obstruction is situated in 
a portion of the vascular system through which a large part or all the 
blood must flow; consequently, general congestion extends over a large 
area or over the whole body. 

Local congestion originates: — 

I. Through local increase of resistance without 
change in the propelling force of the heart. This local 
augmentation of resistance may l>e due to: — 

1. Compression of veins. The lumen of veins is frequently 
narrowed or occluded by ligature, thrombosis, pressure of the gravid 
uterus upon the veins in the true pelvis; by tumors which compress 
veins or grow into their lumina; by large masses of exudate, particu- 

1 This leads first to general slowing of the blood-stream. If this results in 
congestion, other factors invariably act as adjuvants. 
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larly in the body cavities; by pressure of ill-fitting garters, corsets; in 
incarceration of hernias; by cicatricial contraction in the neighborhood 
of veins in carcinoma mammce), etc., because the veins possess a 

very thin and extremely yielding wall. Any marked narrowing forms 
an obstruction which must lead to congestion, because the differences in 
pressure in the veins are very small, even a slight increase in resistance 
becoming distinctly manifest. 

2. Diminution of the external pressure. Here at first 
the resistance in the arterial area is diminished; in the veins, on the 
other hand, the bhxxl-pressure falls in proportion to the resistance. 
Hence, in the arteries hy])ereniia is first produced, and in the veins slow- 
ing of the current, congestion or, if the blood-pressure is ecjiial to the 
resistance, stasis or, if the bloorl-pressiire is less than the resistance, a 
backward How. This relation changes as scx)n as the vessels in which 
the external pressure is reduced are proportionately filled with blood. 
Then slowing of the IHood-current occurs in the veins as well as in the 
arteries.^ 

3. e r 111 a n e n t dilation of vessels. The blood flows slower 
in all varices and in cavernous vascular ectases because the hlood-pres- 
'Ure is diminished on passage into the comparatively very wide vascular 
area. Also, in the neighhorlmod of chronic inllanimatory foci (para- 
lytic) dilation of the veins and greater filling and slowing of the current 
are observed as a result of overstimulation. In the uterus this process, 
as a jiersistence of menstrual or puerperal dilati^m of the vessels, leads 
to the formation of the so-callc<l uterus infarct. 

II. IJy diminution of the propelling force of the 
heart. This may be the rCvSiilt of acute febrile diseases or of chronic 
affections associated with cachexia^ and niara.smus.'^ As a rule, how- 
ever, reduction of the force of the heart alone does not lead to conges- 
tion; on the contrary, here, also, favoring conditions must first be pres- 
ent, under the influence of which local congestions usually occur. To 
these contributing causes belong: — 

^ And if backward flow was present in the veins, a reversal of the same. This 
combination of passive and active congestion is not rare ; for example, it always 
occurs on compression of arteries in the region between the constricted point and 
the nearest, higher situated collaterals, Ou occlusion of an artery, stasis occurs in 
the same area because at that point the resistance equals the blood-pressure, t.c., 
the differences in pressure cease. 

-Cachexia, from = bad, and “= habit — to behave badly, bad state. 
Cachexia, in contradistinction to inqrasmus, implies alterations of the blood and 
nerves (state of chronic affection, pale (anemic), bloated (hydropsic) aspect, etc.). 

3 Marasmus, from pMpalvw = atrophy, to grow lean, wither. Marasmus in- 
flicates particularly the state of senescence, the atrophic processes, simple and 
<lepenerative atrophy of senility (withered state of the skin, muscles, heart, etc.) ; 
this expression is employed also to designate premature senescence. A diminution 
of the red hlood-corpuscles and of the proteid content of the blood also occurs in 
niarasmus, though the alteration is usually not so marked as in cachexia. 
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L Extensive organic alterations of the vessel walls, especially marked 
calcification of the media and sclerotic, connective-tissue thickening of 
the intima of the medium-sized and smaller arteries (arteriosclerosis of 
high degree). 

2. The gravity of the blood as a watery liquid. This acts only when 
the body retains the same position for a long time, especially in the aged 
who, for any cause, are forced to assume the same posture for a pro- 
tracted period, or in very ill patients who, from weakness, retain the 
same position {c.g,, dorsal posture). 

This weakness of the skeletal musculature is frequently associated 
with insufficient, shallow respiration (from weakness of the muscles 
concerned in respiration) and atony of the vessel walls from malnutri- 
tion. Thus, the blood as a watery fluid is capable of following its own 
gravity and of collecting in dependent parts only when various influences 
which hinder the onward flow and uniform distribution of the blood- 
current are added to the weakness of the heart. Gravitation of the blood 
and the resulting permanent overdistention of the deeper parts is desig- 
nated as hypostasis^ or hypostatic congestion. 

Geaeral congestion is the result of aiTections of those organs 
through which either ail or a great portion of the blood must flow. 
These organs are: — 

1. The heart. Among the alterations of the heart are: — 

(a) Those affections of the ostia associated with narrowing (steno- 
sis) or incomplete closure (incontinentia^) of the valves which result in 
general congestion. All the blood must flow through the ostia ; therefore, 
any change in them which obstructs the onward flow of blood disturbs 
the circulation of the total blood-mass of the body. 

In stenosis of the ostia the same conditions exist as in conges- 
tion due to compression of the veins and in hyperemia from local increase 
of pressure, with the difference, however, that an equalization of the 
disturbance is impossible, because, in the case of the heart, there are 
no collateral channels. 

In incontinence (better than insufficiency) the impediment is 
due to the fact that a part of the blood expelled from the heart flows 
back into the ventricle during each diastole because the valves are iti- 
capable of complete closure and of intercepting the recoil. Therefore, 
in incontinence, just as in stenosis, less blood is discharged with each 
pulsation of the heart tlian under normal conditions, The consequence 
is congestion of the whole venous and capillary systems. 

1 Hypostasis, from and fimj/hu » to stand under, place beneath. 

2 From in continere, not contain, U,, not arrest the recoil or backward flow 
of blood. 
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In contradistinction to congenital valvular lesions, which are usually 
right-sided, the later-acquired valvular lesions are, as a rule, situated in 
the left heart. Stenosis or incontinence of the aortic orifice or of the 
left auriculoventricular (mitral) orifice first causes congestion of the 
lungs; but when the lesions are chronic and of marked degree they 
invariably produce congestion also in the so-called greater circulation, 
because the right heart, in spite of the hyt>ertrophy which very soon 
develops, is incapable of coping with the congested mass of blood, for 
the congested blood contained in the dilated pulmonary vessels prevents 
complete emptying of the right ventricle ; the latter becomes dilated and 
incapable of receiving all the blood from the auricle. The incomplete 
emptying of the auricle, which occurs in spite of hypertrophy of the 
auricular musculature, produces congestion in the large venous trunks; 
tlie congestion gradually extends backwanl to and into the capillary area. 

(b) Morbus cccrulcHs, ( See Malformations.) 

(c) Heart weakness, which occurs in severe febrile diseases 
or is secondary to chronic aflfections associated with cachexia or maras- 
mus. Anatomically, the former is generally expressed by cloudy swell- 
ing; the latter most frequently by brown atrophy of the pafenchyma, 
atid later by fatty metamorphosis of the musculature. 

2. The lungs. In aflfections of the lungs those lesions in whicli 
the total area of the pulmonary vessels is diminished are of chief im- 
portance, and next all changes which impede the circulation in the pul- 
monary vessels, offering mechanical resistance in a large vascular area. 

The first group includes all processes associated with atrophy or 
ulceration of the [Hilrnoiiary parenchyma, especially alveolar emphysema, 
progressive bronchiectasis, and ulcerative caseous phthisis, because in 
these pnK*esse^i the vessels are obliterated with disappearance of the 
parenchyma, and, consequently, the total volume of the vascular area 
is dimini.shed. The greater the di>appcarance of vessels, the more pro- 
tiounced the congestion. 

To the second group belong highly developed forms of kyphoscolio- 
sis, because this condition sometimes renders large areas' of lung useless 
for respiration; large exudates in the pleural cavities which cause com- 
pression of the lungs and their vessels, and, finally, affections accompanied 
by adhesion of the pleurae, especially chronic bilateral tuberculous pleu- 
ritis and obliteration^ of both pleural cavities, l>ecause the movements 
of the lungs are thus restricted, the expansibility hindered, and the suc- 
tion power of the thorax (in inspiration) upon the large venous trunks 
is diminished. 


^ Obliteration : disappearance, effacenient. 
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3. The liver. As is known, the portal blood — a considerable por- 
tion of the total blood-mass — hows through the liver. Any alteration 
of the liver which markedly opposes the onward flow of this volume of 
blood may cause congestion of the portal area. This occurs most fre- 
quently as the result of chronic interstitial inflammation of the liver 
associated with contraction — so-called cirrhosis^; less often as a 
result of very extensive amyloid degeneration of the liver, carcinoma 
at the hilus of the liver, large echinococcus cysts, thrombosis, and other 
alterations. 

While cardiac and pulmonary affections produce, in addition to gen- 
eral engorgement, marked congestion of the veins of the upper portions 
of the body, affections of tlie liver cause chiefly abdominal congestion. 

The discernible phenomena or symptoms of congestion 
are : — 

1. Swelling, in which the hyperemic parts increase in volume 
as the result of intense engorgement of the vessels. .Sometimes certain 
veins are seen to stand out distinctly upon the surface as bluish cords, 
c.g,, upon the hand in pressure upon the veins of the arm. The swelling 
causes a subjective sensation of heaviness. 

2. Coldness (frigidity). This is subjectively and objectively 
manifest in tapering extremities. It is due to increased loss of heat, 
because the radiation of heat is more prolonged by slowing of the blood- 
current, as well as to diminution of function : the gas exchange between 
tlie tissues and the slowly flowing blood (U)ss of O and absorption of 
CO -2 by the blood) being more c<jmplete than under normal conditions, 
the capillaries become overloaded with blood rich in carbonic acid; hence, 
lack of oxygen occurs, and, consequently, oxidation processes are reduced. 

3. Cyanosis,- bluisli-red coloring of the tissues, owing to over- 
distention of the vessels with blood rich in carbon ilioxide. 

Congestion may disappear after a time without the production of 
permanent alterations. They disappear when the cause of congestion 
( compression of veins, etc. ) is overcome or sufficient collateral channels 
are present for collateral circulation to develop from the collateral hy- 
peremia. The larger, however, the narrowed or occluded vessel and 
the fewer anastomoses are present, the .slower, and less complete, as a 
rule, is the equalization of the disturbance through collateral channels. 
In general congestion there are no collaterals through which equalization 
can take place. In every faulty and incomplete compensation of a local 
congestion, as well as in every case of general congestion, certain typical 
secondary phenomena are regularly observed. These are: — 

^ From Ki^pos = blond, yellow, because the remaining liver tissue usually 
appears yellow. 

2 From irtJam == lapis lazuli, blue-colored glassy flux. 
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1. Tendency to watery transudates (hydropsies). These 
occur either into the tissues (hydropsic infiltration, edema) or upon free 
surfaces of the body cavities (free hydrops, c.g,, abdominal ascites in 
cirrhosis of the liver, etc.). Hydropsic infiltration is usually more intense 
the softer and looser the tissues; hence, the loose connective tissue is 
always first affected. 

2. Tendency to hemorrhages. These also may occur into 
the tissues (hemorrhagic infiltration) as well as upon the free surfaces 
(free extravasates ). They sometimes occur suddenly and are very large 
(c.r/., gastric hemorrhage in abdominal congestion as a result of hepatic 
cirrhosis ) ; sometimes they take place very gradually, one red blood- 
corpuscle after the other escajung through the apparently unaltered wall 
of the capillaries anti the smallest veins (hemorrhage per diapedesin ), 
This slow hemorrhage occur> in the lungs in pulmonary congestion sec- 
ondary to valvular lesions of the heart; the escaped blood-corpuscles are 
transformed into pigment. W'hen in the course of time many blood- 
corpuscles have extravasated in this manner, the lungs may contain so 
much pigment that they acquire a brownish color (brown indura- 
tion of the lungs). 

3. Functional disturbances. All soft tissues, especially 
those with surfaces covered witli mucous membrane. al>o the lungs, kid- 
neys, nerves, and muscles, may be markeilly tlisturbed in function by 
chronic congestion': the muscles become weak; the sensibility of the 
skin is reduced to insensibility, and a feeling of numbness develops; from 
the hyi)ostasis of the lungs a hypostatic pneumonia develops; the kidneys 
are incapable of i)re venting escape of albuminous material from the blood 
atul albuminuria develop^; the mucints membranes secrete a catarrhal 
exiulate (gastritis, cyanotic catarrhal bronchitis). 

4. Thrombosis. This usually occurs in conjunction with gen- 
eral weakness, especially weakness of the heart and of tlie body mus- 
culature. 

5. Induration. 'I'his change is distinctly perceptible only in a 
few organs: in the lungs, kidneys, and spleen. Asiile from <lilation of 
the vessels, red induration depends upon thickening of the vessel walls 
and increase of the connective-tissue constituents of the organs. Tn the 
lungs, red and brown induration arc distinguished. The latter differs 
from red induration essentially by the amount of pigment. ( See No. 2. 
above. ) 

6. Atrophy. In chronic general congestion atrophic processes 
in the parenchyma of the liver, kidneys, and retina develop as a result 


* Sec symptoms of congestion under No. 2, p. 44. 
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of pressure exerted by the strongly distended vessels upon surrounding 
parts, and as a result of nutritive disturbance due to deficient oxygena- 
fion. In the liver the atrophy is limited to the center of the acini, t,c., 
the area of the true hepatic vein. The liver-cells in that locality disap- 
pear with the development of pigment (nutmeg liver). In the kidneys 
the gland-cells of the urinary tubules are destroyed by fatty metamor- 
phosis. 

7. Gangrene. This (senile gangrene from heart weakness and 
advanced arteriosclerosis, decubitus, incarcerated hernia) is the most 
unfavorable and dangerous termination of congestion, and is always 
complicated with active, irritative inflammatory phenomena, while all 
other sequelae are essentially of a passive nature. 

ANEMIA. 

By anemia is not meant, as might be assumed from the etymology 
of the word (dv = privativuni and a/m blood), absolute blcx)dlcss- 
ness, but only deficiency of blood or a diminution of 
the volume of blood below the normal. In every decrease 
of blood-supply the vessel lumen must be narrowed. The constriction 
may be: — 

1. Spastic. Only those vessels which possess a musctilaris pro- 
pria can contract, namely : arteries and veins. Constriction occurs either 
as a result of some influence exerted directly upon the musctilaris from 
without by a kind of contact action or through the agency of nerves. 
The latter occurs, for example, in irritation of the sympathetic (irrita- 
tion of the sympathetic causes anemia of the corresponding half of the 
face). 

2. Tonic. The intrinsic nutritive tension of the constituents of 
the wall enables the arteries, capillaries, and veins to diminish in diam- 
eter as soon as less blood than normal is conveyed to them. All vessels, 
therefore, are able by means of their tonicity to accommodate themselves 
to any reduction in the amount of blood as a result of hemorrhage). 

3. Organic. Organic narrowing occurs: — 

{a) In inflammatory proliferations, which begin almost exclusively 
in the internal coat of the arteries (seldom in the veins, never in the 
capillaries) and may produce thickening of the wall and constriction 
amounting even to complete obliteration of the lumen, 

{b) In cicatrization, which is observed only in the walls of arteries 
and veins, more frequently in the former than in the latter. 

(f) In amyloid degeneration of the arteries and capillaries, in that 
the amyloid parts swell, as it were, and thus produce marked contraction 
of the vessel lumen. 
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(d) To these organic alterations belong embolism and thrombosis 
of such vessels as have only a few or no anastomoses {c.g., cerebral and 
renaTvessels). 

4. Passive. Vessels arc narrowed in a purely passive manner 
by increase of the external pressure, by compression of the vessels : 
of the capillaries in fatty liver and in the renal cortex in cloudy swelling 
of the cortical substance ; of the pulmonary capillaries in complete hepa- 
tization ; also by ligature and cicatricial contraction in the neighborhood 
of the vessels; by pressure of large exudates, tumors, the pregnant 
uterus, etc. The delicate capillaries are most often involved by this 
])urely passive narrowing, next in frequency the thin-walled veins, and 
least of all the arteries, because these possess a very strong, resistant 
wall. 

Diminution of the mass of blood below the ordinary amount is either 
local: local anemia, or ischemia,^ or it involves the whole body: 

general anemia, or oligemia.- 

In oligemia, or general anemia the total volume of blood in the 
body'^ is diminished. A small loss of blood produces no perceptible sign 
and is rapidly compensated by new formation. Not until distinct symp- 
toms (pallor, etc.) become visible, t.c.. when the total amount of blood 
diminished to a marked degree, do we speak of general anemia. There 
is, of course, no definite limit. 

In consequence of diminution of the total amount, all vessels contain 
Ic^s blood than in the normal state. The vessels accommodate themselves 
to this diminution by virtue of their tonicity. 

Diminution of the total volume of blood occurs either suddenly or 
gradually. Hence are distinguished: — 

1. Acute oligemia. This is characterized by sudden severe loss 
of blood externally. The cause is either injury wdth severance of 
continuity (trauma), or ulceration (hemorrhage from gastric ulcer, 
typhoid ulcer of the intestine, pulmonary hemorrhage in ulcerative pul- 
monary phthisis, etc.), or i)assive congestion (gastric hemorrhage in 
abdominal congestion from cirrhosis of the liver), embolism of the 
superior mesenteric artery), or an especial disposition of the vessels to 
severe hemorrhage upon slight injury (in so-called bleeders: hemophilia). 

2. Chronic oligemia. In chronic general anemia also the cause 
may be losses of blood externally {c.g,, recurrent nasal hemorrhages: 
epistaxis), with the difference, however, that here it is not a question 


1 » hemostatic, from == bold back, retain, and at/m « 

blood, 

^ oX/vot «» little, slight. 

3 The physiologic amount of blood is about one-thirteenth of the body weight. 
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of a single hemorrhage, but of more or less oft-repeated hemorrhages 
which exert a marked reaction upon the nutrition of the tissues. 

More frequently chronic oligemia is due to a pathologic change, 
Le., to chlorosis, pernicious anemia, or chronic dis- 
eases associated with cachexia. 

In chlorosis^ not only the volume of blood in the body is 
diminished, but there is also a reduction of the amount of hemc^lobin 
and sometimes distinct aplasia of the whole vascular system (small 
heart; narrow, thin- walled, and very elastic aorta, etc.). (See Blood.) 

Pernicious anemia owes its name to the fact that it always ends 
fatally as a result of final marked fatty metamori)hosis of the heart 
musculature and other organs, due to severe disturbance of nutrition. It 
is distinguished from chronic diseases associated with general anemia 
by the extreme degree of the anemj^a, and also by the fact that, aside 
from the extreme anemia, no other pathologic alterations are demon- 
strable during life. In contrast to the general anemia (paleness of 
organs) so conspicuous at necropsy is the marked redness of the bone- 
marrow of the tubular bones. The bonc-niarrow assumes in ever}' way 
the character of that observed in the bone!> of the newborn; apparently, 
it reverts to a blood-forming organ. Accordingly, a greater number of 
nucleated red blood-corpuscles are always found also in the bone-marrow. 
In almost all cases the liver is remarkably rich in iron and pigment (light 
brown-red, rust colored). This condition is tlesignated as sidcrosis 
hepatis. Choked disk is not unusual, and retinal hemorrhage is very 
common, especially around the papilla, and is a point in differentiation 
from chlorosis and simple anemia in which retinal hemorrhage is very 
rare. 

The cause of pernicious anemia is not constant, and in many cases 
obscure. It is due either to affection of the blood-forming organs (lym- 
phatic glands, bonc-mafrow, etc.), so that regeneration of the blooil- 
corpuscles fails to keep pace with the destntetion, or to an agent- injuri- 
ous to the blood itself. To the former group belong chronic affections.** 
such as syphilis and scrofula, which result in alteration and destruction 
of the lymph-glands. In recent years attention has repeatedly been 

1 green. 

2 In many cases, which sometimes occur epidemicly, as, for example, in Italian 
laborers in the St. Gotthard Tunnel and in brickworkers in the Rhein Province, 
necropsy shows the Ankylostomum duodenalt to be the cause. These cases, there- 
fore, are to be classed with such in which the fatal anemia is due to repeated losses 
of blood. 

3 Here belongs indirectly also gastric carcinoma, which, at necropsy, is ofteii 
found to be the cause of pernicious anemia, in so far as cancer of the stomach 
markedly interferes with general nutrition and hence also with the formation of 
blood. 
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directed to the relation between pernicious anemia and atrophy of the 
gastrointestinal mucous membrane. Atrophy of the mucous membrane 
of the stomach is comparatively frequently found, and less often atrophy 
of the intestinal mucosa. It cannot, however, as yet be decided whether 
this atrophy is the cause or the result of pernicious anemia. Camac 
and Milne^ describe marked degenerative changes in the posterior and 
lateral columns of the spinal cord, especially in the lower cervical re- 
gion ; also cavity formation in the anterior horn from the tenth dorsal 
to the first lumbar segment. 

Those cases in which no cause can be found are usually designated 
as primary or idiopathic, the others as se c o n d a r y p e r n i - 
ci Oil s anemia. In every case the volume of blood is very gradually 
diminished. The red blood-corpuscles present in part abnormal forms: 
in addition to nucleated red blood-cells, unusually large and strikingly 
small — so-called macrocytes and microcytes, respectively — and 
also very irregularly formed, partly club-shaped red blood-cells — so-called 
poikilocytes — are observed. ( See Blood. ) 

Among those chronic diseases which produce general, though 
not pernicious, anemia are, first, processes associated with amyloid de- 
generation, such as consumption, syphilis, and chronic bone suppura- 
tions; second, scrofula, inanition from cicatricial and carcinomatous 
stenosis of the esophagus, gastric carcinoma, chronic lead poisoning, and 
chronic malaria. 

Ischemia is caused by local obstruction of the flow 
of blood due to narrowing of the vessel lumen. Hence, 
in every ca.se of local anemia the reduced filling of the vessels is the 
result of vascular constriction, while in general anemia tonic constriction 
is, as already stated, the result of diminished filling. Ischemia occurs 
as a result of contraction, organic change of the vessel wall, or purely 
passively, and may involve the arterial, capillary, and venous areas. 

Capillary ischemia is more frequently purely passive (from com- 
pression in fatty liver, in cloudy swelling, etc.) than the result of organic 
change (amyloid degeneration). The venous form is almost always 
a local phenomenon. The arterial form, by far the most important, 
originates a$ a result of proliferation, cicatrization, compression, amyloid 
degeneration, embolism, thrombosis, and contraction of the muscularis. 
The latter form of arterial ischemia, namely : that caused by contraction^ 
is usually designated as spastic anemia. The causes may be: — 

1. Emotional excitement with depressive effect: fright (pale cheeks 
and lips), teitori grief, apprehension, etc. 


^ American Journal of the Medical Sciences, October, 1910, p. 563. 
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2. Cold. This (cold air,* cold water, ice-pack, etc.) may involve a 
part of the skin or the whole surface, or exert its effect in the interior 
of the body (cold drinks, cold enemata, swallowing of ice, etc.). In the 
chill stage of fever there is anemia of the skin and collateral hyperemia 
of the internal organs. Probably cold acts directly upon the smooth 
musculature without participation of the nerves ; at least, nerve influence 
is weakened by cold. 

3. Electricity. 

4. Mechanic action: scratching, pinching, friction. The primary 
ischemia is usually very soon followed by hyperemia. 

5. Chemic agents: ether, ^ tannin, alum, liquor ferri sesquichlorati, 
secale cornutum (ergotism, raphania). 

The pathognomonic sign of anemia is pallor. Here it must be 
remembered that there are organs with, as well as without, inherent 
color. In the former (muscles, spleen, liver, etc.) tlie characteristic 
color becomes the more pronounced the more marked the anemia; the 
others (connective tissue, lungs, etc.) lose their red color the more anemic 
they become, and finally assume a pale-gray hue. 

If the anemic parts are near the surface of the body, then, in addi- 
tion to pallor, lowering of temperature also is observed sub- 
jectively (feeling of coldness, chill) as well as objectively. This is usu- 
ally most marked in tapering parts of the body (nose, fingers, toes, etc.). 
The cooling is due to diminished supply of warm blood and local decrease 
of oxidation processes. 

With pallor and coldness there is associated disturbance of 
function. The sensibility of the nerves is diminished; “furry'' or 
“fleecy" sensation of the skin develops; sometimes all tactile sense is 
abolished. In a similar manner amaurosis may result from anemia. The 
muscles contract sluggishly and incompletely, become markedly weak, 
and, finally, rigid and stiff. The function of the glands {e.g,, the sweat 
and sebaceous glands) is diminished or ceases. 

Every local anemia causes hyperemia of other parts. The flow of 
blood from a vascular area is impeded by venous anemia; in the cor- 
responding capillary area congestion occurs. In capillary anemia 
fluxion develops in the collateral capillary area (anemia of the renal 
cortex from parenchymatous nephritis is asscKiated with collateral hy- 
peremia of the pyramids). Arterial anemia may the more readily 
produce congestion in the corresponding venous area the more intense 
it is, since slowing of the venous current and lowering of the lateral 
pressure first cause stasis and then sometimes even backward flow of 

\ Placed upon the skin, this abstracts heat by evaporation and consequently 
acts similarly to cold. 
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the current from those anastomosing veins which receive their blood 
under a higher pressure. Furthermore, every arterial anemia causes 
also hyperemia in the collateral arteries. 

Every local anemia of long standing {e.g., in amyloid degeneration 
of the arteries and capillaries), also in sudden onset from embolism and 
in marked exacerbation (constriction or occlusion of arteries by throm- 
bosis), causes disturbances of nutrition which lead to simple or necro- 
biotic atrophy (yellow softening of the brain, etc.V and, when vital organs 
(brain or heart) are involved, sometimes even death. When the anemia 
is due to spasm of the arteries, as in poisoning with ergot, local death 
may occur under extremely violent inflammatory manifestations (gan- 
grene). 

Also, in general anemia of long duration organic alterations occur 
as a result of chronic disturbances of nutrition. Here the heart is gen- 
erally most markedly altered, in that a very severe, mottled, fatty 
metamorphosis of the heart muscle develops, which finally causes death. 

Death occurs in acute general anemia when the sudden loss of blood 
— which causes acute oligemia — reaches a certain degree: when about 
one-third of the total amount of blood present is suddenly lost. 

Distribution of the Blood After Death. 

With the occurrence of death the difference between arterial and 
venous blood ceases. All the blood assumes a dark color from loss of 
oxygen, and regains its bright hue only Ihrougli absorption of oxygen, 
when it comes in direct contact with the atmosphere, c.g,, at necropsy. 

The distribution of the bl<x:>d after death is essentially different from 
that which obtains during life. With death cadaveric pallor of all mu- 
cous membranes and of the external skin sets in, so iliat even parts which 
previously were hyperemic (as in scarlatina and erysipelas) may now be 
anemic. All small arteries contract on cooling of the body post mortem 
(so-called rigor mortis of the arteries), and f*)rce the blocKl into the 
cajullary, and venous areas toward and even beyond the heart. There- 
fore, in the cadaver the arteries are generally c[uite empty. ^ In the 
brain alone, owing to the rigidity of the calvarium, the distribution of 
the blood post mortem is nearly the same as in the living state ; but this, 
of course, is altered if the calvarium is removed. In the remaining por- 
tions of the body a movement of the blood takes place as a result of 
contraction of the arteries and flowing (gravitation) of the liquid parts 
to deeper-lying sections : hypostasis or hypostatic conges- 
tion. In dorsal position of the cadaver, hypostasis is especially marked 

^ For this reason the ancients believed they contained air : angeia l>neumatic<k 
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in the posterior portions of the lungs and brain (meningeal veins). This 
movement may also take a direction opposite to that of the circulation. 
The so-called **death-spots/' macule cmortualis {livores, bluish-red spots), 
are due to accumulation, by hypostasis, of liquid blood in the capillaries 
of the skin of the dependent portions of the body, and partly also to 
diffusion of blood-coloring matter. They* generally appear about from 
three to four hours after death. 

As the capillary blood of the cadaver never coagulates, but is at all 
times fluid, it can be displaced by pressure with the finger, so that the 
macule can thus be made to disappear. This is possible, however, only 
when the blood lies within the vessels. Blood which has entered the tis- 
sues (hemorrhagic infiltration) cannot be displaced by pressure, and this 
is true also of the dissolved blood-coloring matter diffused in the neigh- 
borhood of the vessels at the beginning of decomposition (the dirty, 
gray-red, frequently branched lines of the skin). 

The phenomenon designated as “goose-skin” {cutis anserina) occurs 
with disappearance of the warm blood from the skin, and is due to 
contraction of the muscnli arrcctorcs pilorum (erectors of hairs). 

The opposite of hypostasis of the blood is anastasis of air — the 
rising of air into vessels of elevated parts. This, however, can occur 
only after injury of vessels (by incision). For example, on removal of 
the heart, air may enter the vessels and mount to the sinuses of the dura 
mater and the veins of the arachnoid. 

In death by paralysis of the lungs (properly speaking, paral- 
ysis of the respiratory muscles) the blood is arrested in front of the 
pulmonary capillaries, while the left ventricle continues to work and 
forces all the blood onw’^ard into the arterial system. In this case arrest 
of the heart occurs in systole. At the necropsy, therefore, the left cham- 
ber of the heart is found strongly contracted and almost empty, the right 
chamber strongly filled. 

In death from paralysis of the heart the left ventricle is 
arrested in diastole; the blood, therefore, does not enter the aorta, but 
accumulates within and in front of the left ventricle. This is changed, 
however, with occurrence of rigor mortis of the heart muscle, since the 
left ventricle may contract post mortem and force out all blood. If 
severe alterations of the heart muscle have occurred during life, this 
post-mortem contraction does not take place. In this case the left ven- 
tricle is found at the necropsy dilated and filled with blood.^ The right 

^This old theory of the state of the heart in death from paralysis of the 
lungs or cardiac paralysis has frequently and justly been attacked; hence, no 
definite conclusion as to the mode of death can be drawn from the state of the 
heart (systole or diastole) and filling of the heart chambers at necropsy (usually 
twelve to twenty-four hours or longer after death). 
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ventricle, owing to its thin wall and consequent less power of contraction, 
is usually more or less distended with blood. 

As a rule, the blood coagulates within the vessels (not the capil- 
laries) post mortem. The rapidity with which coagulation takes place 
varies, and depends upon the state of the blood and the length of the 
agony. It is usually slow and the coagula^ are distinctly lamellated: 
the lower (dependent) portions of the coaguhim contain the red blood- 
corpuscles (cruor), and are blackish red in color; the upper portions con- 
sist of coagulated fibrin (“huffy coat’*), and are yellowish gray. By 
careful examination of the coagula found in the vessels, it is said that 
it is possible to determine in what position of the cadaver coagulation 
had occurred. The more slowly death comes on — i.c., the more gradu- 
ally life is extinguished — the more white (bacon) clots will be found, 
esj)ecially in the right ventricle. The blood remains fluid within the body 
after death in only comparatively few cases — after certain intoxications 
(overloading of the bkxid with carbon dioxide as a result of asphyxia), 
hydremic states, septic and fivemic conditions, and in death from freezing. 

Putrefactive changes (chemic decomposition through the agency of 
micro-organisms) generally come on the earlier the warmer the sur- 
rounding media (bed, summer temperature, humidity) and the more 
bacteria w'cre present in the body previous to death, c.g.. after septic 
processes. Putrefaction (mortification) is retarded or prevented by cold 
(ice, freezing) and the action of certain chemic substances (c.gr., arsenic, 
chloroform). The first manifestation of putrefaction is, as a rule, 
decomposition of the blood, namely ; solution of the red blood-corpuscles 
and diffusion (infiltration, penetration, imbibition) of the dissolved 
blood-coloring matter into neighboring parts (red staining of nonvas- 
cular parts, the heart valves, the intima of the aorta, etc., which is not 
dispersed by pressure). The red color of the blood is transformed by 
ammoniacal decomposition into slate-gray or grayish green. In the skin 
the green discoloration is noticed first upon the abdomen. The oxy- 
hemoglobin may be transformed into niethemoglobin by tlie action of the 
sulphur in the sulphureted hydrogen developed during putrefaction. A 
dirty greenish or blackish discoloration is thus produced, which is notice- 
able es{)ecially in the gastrointestinal tract and in those portions of the 
liver, kidneys, and spleen in contact with the intestine. 


^ Clots found within the vessels after death are called coagula. Such 
coagula are usually not adherent to the walls. They are smooth and moist and 
thus differ from clots found in the vessels during life, which arc called thrombi. 
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HEMORRHAGE. 

During life the blood flows in a closed canal system. The walls of 
this system vary in strength in the diflFerent areas, according to the blood- 
pressure, and are weakest in the capillary area, where, as is known, the 
wall is composed of only a single layer of cells. Under ordinary normal 
conditions the wall in every part of the vascular system prevents the 
escape of blood. In many pathologic states, however, an escape of 
blood occurs from the natural channels. The escaped blood is called 
extravasate (extra — vasa^, and the process itself is designated as 
extravasation or hemorrhage, or bleeding. 

The hemorrhage occurring during ovulation — menstrual bleeding^ — 
may be taken as a physiologic analogue of pathologic hemorrhages. Even 
this form of hemorrhage, however, occasionally assumes a pathologic 
character, when, as in menorrhagia, it is excessive. If conception occurs 
with ovulation, the hemorrhage within the ovary itself is always more 
marked, because with beginning of conception a permanent affluxus to 
the organs in the true pelvis takes place. Consequently, a large corpus 
hcemorrhagicum of the ovary — the subsequent true corpus luteum — 
always occurs in connection with conception. 

Escape of blood from the vessels may occur in various ways: 
either all the constituents of the blood escape in nat- 
ural proportion or only the red blood-corpuscles. The 
first mode is always observed in coarser injuries to the vessels (arteries, 
capillaries, and veins) with recognizable solution of continuity of the 
wall. When no macroscopic alterations are recognizable in the tissues 
and vessels within the hemorrhagic area, only red blood-corpuscles 
escape. In this case, as Strieker and Cohnheim first observed in living 
animals under the microscope, the red blood-cells pass slowly through the 
apparently unaltered wall of the capillaries and venules,*' at first arrang- 
ing themselves against the inner surface of the wall, to which they be- 
come, as it were, firmly adherent. After a time a part of the cell is seen 
to penetrate the wall as a fine, pointed process, and appear upon the outer 
surface. The portion of this pointed process projecting out of the vessel 
gradually swells to a small knob, which increases in size commensurate 

1 In elderly women at the climacteric, an hemorrhagic endometrium is quite 
frequently found at necropsy. This condition, which is in no way connected with 
menstruation, since it is independent of ripening of a Graafian follicle, and some- 
times, as in typhoid, cholera, etc., is referable to fluxion, sometimes to congestion 
due to arteriosclerosis, is tersely designated as pseudomenstruation (status pseudo- 
menstrualis) , 

2 The small arteries and veins immediately before their passage into capillaries 
are desipiated as capillary arteries and veins, respectively. The veins espectallyi 
in their behavior in pathologic processes, act very similarly to the true capillaries. 
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with the diminution of the portion still within the vessel. The connecting 
portion of both segments, which can be traced through the wall as a fine 
line, remains delicate and slender during the whole period of transit. 
Finally, the portion within the lumen disappears and the protruded por- 
tion remains connected with the vessel wall for only a short time by a 
delicate line, until even this separates from the vessel wall and the red 
blood-corpuscle again assumes, outside the vessel, its original form.^ 
This process is designated as diapedesis (trickle through, percolate). 
Arnold has shown that the escape of the red blood-corpuscles always 
occurs at the point of contact of two or more cells (of the vessel wall). 
Accordingly, it would appear that escape of red blood-cells is always 
])recede(l by loosening of the cement substance between the cells of the 
vessel wall. Consequently, in a strict sense, diapedesis depends upon 
lesion of continuity. 

The coarser injuries of the vessels, in which all the constituents of 
the blood are discharged in natural proportions, may occur genetically 
in three ways, so that, including diapedesis, the following four- forms 
of hemorrhage may be distinguished: — 

!• Haemorrhagia per diabrosin (from SiajStjSpcoorvco — corrode) 
originates chiefly from internal causes, by ulceration (ulcerative 
form of hemorrhage). 

2. Haemorrhagia per diaeresin (from Suupiia = divide, sepa- 
rate) is produced by external causes, mechanic action from with- 
out (traumatic form of hemorrhage in a strict sense). 

3. Haemorrhagia per rhexin (from pi^ywfu lacerate) is due 
partly tointernal, partly to external, mechanic causes. 

4. Haemorrhagia per diapedesin, from internal causes. 

The causes of Itcrmorrhagia per diabrosin are ulceration, corrosion, 
and gangrene. For example, hemorrhage from the lungs in pulmonary 


1 The transit of the colorless corpuscles (emigration) occurs in a similar 
manner in suppuration, with the difference, however, that the colorless blood-cor- 
puscles possess independent motion and actively send out prolongations — a 
phenomenon never observed in red blood-cori)uscles. It appears, therefore, that 
the escape of colorless blood-corpuscles is an active, while that of the red cells is a 
purely passive, process. The plasma also may pass through the vessel wall without 
participation of the red or colorless blood-corpuscles. This is the case in stasis 
(see p, 40) and in dropsy. 

2 Demetrius of Apamea (300 b. c.) differentiated five forms of hemorrhage: 
1, per amstomosin; 2, per diabrosin; 3. per diieresin; 4, per diapedesin; 5, per 
yhexin. The first of these must be discarded because it is based upon erroneous 
premises. Pre-existing openings (so-called stomata) for escape of red blood- 
coij)u8cle8 do not exist.’ Hence, the form of hemorrhage designated by the older 
writers as per anastomosin, i.e., through diese stomata, can no longer be recognized. 
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amsmuptioni fit^uetitiy caused by^ ulceration of the wall of an artery 
in which occlusion by thromboses has not yet occurred ; heinorrbage from 
^ Stomach by gastric ulcer } intestinal hemorrhage from typhoid tdcera^ 
tion, etc* 

H(smorrhagia per ditsresin is caused chiefly by trauma, whether 
inflicted by blunt agencies (impact, blow, fall, etc,) or by sharp instru- 
ments and very great force (gash, stab, cut, shot, etc.). In the first 
instance a contusion h produced ; in the second an open wound. In both 
instances the vessels may be only partially injured or completely severed. 

Hepmorrhagia per rhexin depends upon excessive tension, dilation or 
traction, or relatively too high blood-pressure and consequent bursting 
or rupture^ It is observed in forcible stretching of flexed limbs, in slow 
passage of the fetal head througli the maternal (especially contracted) 
pelvis (cephalhematoma of the newborn as the result of crushing and 
rupture of vessels), in extraction of teeth, in tearing away of limbs by 
machinery, in bursting of aneurisms (of the cerebral and pulmonary 
arteries, and of the aorta, etc.), varices (of the lower extremities, hem- 
orrhoids, etc.), and of new- formed, thin-walled, and very delicate vessels, 
eg,, upon the inner surface of the dura mater (in chronic pachymenin- 
giiis interna fibrinosa vasculosa hamorrhagica) , etc. 

In these three forms of hemorrhage all the constituents of the blood, 
as a rule, escape, and the hemorrhage usually takes place more or less 
rapidly. Bleeding arteries furnish richly oxygenated and, therefore, 
bright-red blood which, owing to the high pressure to which it is sub- 
jected and in accordance with the pulse-waves, spurts rhythmically in a 
long, arched stream. From the veins, on the other hand, dark-red blood, 
rich in carbon dioxide, flows in a uniform, uninterrupted stream, and in 
bleeding from the capillaries the blood oozes forth as from a sponge. 
The last form of bleeding is designated as '‘parenchymatous 

hemorrhage. ’’2 

Arterial hemorrhages are usually more profuse than venous and 
capillary, and are, therefore, more dangerous. 

In heemorrhagia per diapedesin, which, as already stated, is due to 
internal causes, the escape of red blood-corpusdes is generalty so 
slow and the amount lost usually so slight that, as r^rds any influence 
exerted upon the organism as a whole, it can scarcely be consider^ a 

' Fatal pulmonary hemorrhages arc only in very rare instances due to anenristn 
of the bronchial artery, more frequieiitly to aneurisin of the puliUmiaiy atti^, and 
moat frequently to progressive ulceration of the pulmotiary Itssne and of tM walls 
of the arteries. Severe hembrrtiages from the longs may result Aim friWh l^***^! 
hemorrhagic diathesis (seep. 62) and from trauma* ; ; 

* The designation ^'parenchymatous hemorrhagA^^bteedifijlif fncmi; not the 
paretichyma-MNritile pertnissibie from a pri^iw atsindabmtr is 
unnecessary. , ' v'.. 
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<ln>pKt t'l'lN .iiitl minicnnis pit^nu’iit I'rils with <hlu';Uc, (h^fll‘^t•. 
.v:( fllnw k'njnr .iinl t'ino loi IS Srxrral r»‘lls 

(It'iisflv Tilh'd with c«».irst' i»raniihs (l.cit/. 1: t 'hi , 7 ) 
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true hemorrhage. Sometimes, however, the loss of blood by diapedesis 
may be so rapid and intense that death may occur in a short time. As 
Thoma has observed, the blood in these instances pours from the smallest 
vessels in the form of very minute streams, and immediately after the 
hemorrhage the small, punctiform openings close, so that after a short 
time no trace of the source of the bleeding can be seen. According to 
the investigations of Arnold, the fluid portion of the blood also appears 
to escape in these cases. 

The internal causes of hemorrhages are : — 

1. Increase of blood-pressure, both absolute and relative* 

Absolute increase consists either in active hyperemia or 
congestion (fluxional or stagnatile form of hemorrhage); a com- 
bination of both frequently occurs. 

Every congestion ( compare pp. 39 et seq.) may produce 
hemorrhages. Hemorrhages are especially frequent in heart lesions, 
particularly lesions of the valvular apparatus; also in cirrhosis of the 
liver, and in thrombosis of the sinuses of the dura mater. Qironic 
valvular lesions of the heart usually give rise to red or brown indura- 
tion of the lungs; in both these conditions a very gradual hemorrhage 
by diapedesis occurs. The escaped red blood-corpuscles are transformed 
into pigment, and in greater part taken up by cells (by the flat epithelia 
of the pulmonary alveoli'). Considerable clinical importance is attached 
to these pigment-laden cells, and they arc designated as “heart- 
lesion cells. “ (See Plate III.) They are, in part, expelled with 
the sputum, and under certain circumstances may be of value in differential 
diagnosis. 


* According to Sommerbrodt, Hoffmann, and others, the ‘lieart-lcsion’* cells 
are alveolar epithelia ; according to others, partly alveolar epithelia, partly wander- 
ing cells (Lenharts). While the majority of observers arc convinced of the 
significance of these cells in the diagnosis of brown induration, there is now and 
then some doubt in this direction, since they are occasionally met also in croupous 
pneumonia, hemoptoic phthisis, and asthma. According to Virchow, the pigment 
formation occurs by escape of the coloring matter from the erythrocytes and 
<liffusion into the neighborhood, where it collects in pigment gramll<^ or ciystals; 
or the red blood-corpusclcs, either singly or in masses, are directly transformed into 
pigment In both instances the pigment may be j^Ilow, red, or black; diffuse, 
granular, or crystalline. The blood may undergo pigment metamorphosis even in 
the capillaries. In addition to the pigment inclosed in cells or lying free in the 
tissues, Orth found pigment thrombi in the capillaries and even in the 
larger vessels. The blood-coloring matter may. therefore, be transformed into pig- 
ment without participation of contractile cells. On the other hand, the fact first 
oljscrvcd by Lamghans often been confirmt^, namely: that red blood-corpuscles 
i'hrink to a pimnent granule only after inconi^ration by contractile cells* the plg- 
granule being later trafisf9ntied by division into a number of ^all granules, 
contradistinction to cfyatalline hematoidin, which is aferrous, the pigment gran* 
iijcs and duitera almost always contain iron; consequently, at NeuidannV sugges- 
tion, thti pigment has been designaM as "hemosiderin.'* 
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Severe gastric hemorrhages by diapedesis frequently occur in cir- 
rhosis of the liver. In some instances the extravasate may be so great 
as to cause death. 

Thrombosis of the longitudinal sinus produces hemorrhages of the 
arachnoid and cerebral cortex at the convexity, especially over the poste- 
rior portion of the frontal and over the parietal lobes. 

Hemorrhages occurring in connection with embolism are closely 
allied to these examples of the stagnatile form. Embolism of the lungs, 
spleen, gastrointestinal canal, and in part also of the brain, retina, and 
kidneys gives rise to hemorrhagic infiltration (infarction) -of the corre- 
sponding tissue area, because the blood-pressure in the vascular area 
beyond the occluding embolus is suddenly reduced to zero, and a reverse 
current sets in from the neighboring communicating capillaries^ as a 
result of the change in blood-pressure. In the lungs and intestinal canal 
under such conditions free hemorrhage also occurs, so that part of the 
extravasate is expectorated or discharged with the stools. When the 
large arterial trunks of the intestine are occluded, free hemorrhage is 
sometimes so severe that death takes place as the result of internal 
bleeding. 

In many cases active hyperemia is all that can subjectively 
or objectively be demonstrated as the cause of a liemorrhage (fluxionary 
form of hemorrhage). Since, however, active hyperemia very often 
occurs without hemorrhage, it must frequently be assumed that an espe- 
cial weakness (debilitas) of the vessel walls exists (compare Pathologic 
Hemorrhagic Diathesis, p. 64). This local vascular weakness is dis- 
tinctly demonstrable in all instances in which fluxion involves newly 
formed vessels with very delicate and therefore less resistant walls (e^g., 
in pachymeningitis interna fibrinosa vasculosa) y or involves an area which 
has already been altered or weakened by an inflammatory irritant (in- 
flammatory form of hemorrhage). 

The inflammatory form of hemorrhage is frequent and occurs in 
almost all tissues. Severe hemorrhages are observed in the serous mem- 
branes (e,g,, hemorrhagic carcinomatous pleuritis), in the mucous mem- 
branes (especially of the gastric mucosa^), in the spleen, the brain (here 

1 The blood-pressure in the capillaries is equal to •+■ 40 mm. of mercury, 

2 When the gastric mucosa is catarrhally inflamed and sudden intense con- 
traction of the stomach and abdominal muscles occurs (in vomiting, sneezing, 
straining, etc.), fluxionary hyperemia may be so greatly increased by temporary 
obstruction to the flow of blood (by congestion) that small, punctiform hemor- 
rhagic infarctions are produced in the surface of the gastric mucosa, from which, 
by a kind of autodigestion (the alkaline blood no longer traverses the infarcted 
portions, which are therefore susceptible to the action of the acid contents of the 
stomach), so-called hemorrhagic erosions of the stomach develop. The small 
extravasates occurring from the hemorrhagically eroded portions of the mucosa 
form fine, brown striae and puncta, which are suspended in the mucus covering the 
mucosa and therefore do not become confluent. 
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generally punctiform hemorrhages, which occasionally become confluent 
and form larger hemorrhages, c,g,, in tuberculous hemorrhagic enceph- 
alomeningitis) ; in the pancreas in hemorrhagic pancreatitis, etc., and 
also in many acute infectious diseases, which are classed in a special 
group in section 5. (See p. 61.)* 

Relative increase of blood - pres sure is the cause of 
hemorrhage in diminution of the pressure exerted upon the outer sur- 
face of the vessels, e,g,, in dry cupping, balloon ascensions, climbing of 
high mountains (here the coincident fluxion plays an important role). 

2. Alterations of the vessel walls. These consist in simple 
disturbances of nutrition with (c.^., in phosphorus poisoning) and 
without fatty metamorphosis of the elements constituting the wall, in 
arteriosclerosis associated with proliferation, etc., and in ectases of the 
arteries and veins.^ 

Simple nutritive disturbances of the vessel walls give rise to hem- 
orrhages in the course of many acute febrile (compare No. 5) and chronic 
affections {e.g,, in severe icterus), and in poisoning (phosphorus; com- 
pare No. 3). Atheroma of the aorta permits the escape of blood from 
the vessel lumen: on bursting of an atheroma the blood-stream pene- 
trates and, as it were, washes out the atheromatous material, forcibly 
tears away the media at this point, forms a new channel inside the vessel 
wall, and thus produces a dissecting aneurism. 

Aneurisms of the aorta, particularly in the region of the aortic arch, 
of the small arteries of the arachnoid, and of the brain (especially miliary 
aneurisms in the region of the large ganglia), of the pulmonary arteries 
(more frequently of the pulmonary, less often of the bronchial arteries), 
and of the large arterial trunks of the extremities, etc., generally give 
rise, by rupture, to sudden more or less severe hemorrhages. Sometimes 
the rupture, c.g,, of an aortic aneurism bursting externally through the 
sternum, is preceded by drop-like oo/.ing of blood. Varices of the anus, 
upon the legs, at the neck of the bladder, in the intestine, etc., may give 
rise to hemorrhages with or without rupture. In the latter instance the 
blood escapes from the vessels in congestive and hyperemic states as the 
result of thinning of the walls. 

3. Actioa of certain poisons: phosphorus, arsenic, potassium 
chlorate, corrosive sublimate, etc. 

The hemorrhages in phosphorus poisoning are due to interference 
with the processes of oxidation, synchronous increase of proteid disin- 


'The very superficial and usually dilated veins of the mucous membranes, 
such as are observed especially in richly vascular polypi (of the uterus, nose, etc.), 
arc much more disposed to frequent hemorrhages (especially in congestion and 
fluxion) than are the true varices, strictly speaking. 
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tegration, and the consequent fatty metamorphosis of the coanstitaefits 
of the walls, especially in the smaller vessels. Consequently, small, panc^ 
tiform, striate, and large confluent hemorrhages are found almost every^ 
where ; in the skin, in the panniculus adiposus, in the connective tissue 
between the muscle fibers, in the adventitia of the aorta and larger ves- 
sels possessing vaso vasorum, in the serous membranes, omentum, endo- 
cardium, capsule of the liver; less often in the mucous membranes of 
the digestive tract, uterus (in pregnant women also in the decidua), in 
the ovaries, lungs, and rarely in the brain. 

Arsenious acid (so-called while arsenic) produces hemorrhages only 
in the mucosa of the gastrointestinal canal, and sometimes an intense 
hemorrhagic gastritis. 

Corrosive sublimate produces marked hyperemia of the mucosa of 
the colon, which almost always advances to hemorrhage and hemorrhagic 
infarction of the mucosa (which are later followed by diphtheritic 
processes). 

In poisoning with potassium chlorate, transformation of hemoglobin 
into methemoglobin and excretion ^ of the latter through the kidneys 
occur. The methemoglobin forms pigment infarcts in the kidney, espe- 
cially in the straight tubules of the pyramids, so that these are often 
completely occluded, 

4 Allimal parasites: Schistosomum hcematobium, Filaria san-- 
guinis, Agehylostomum duodenale. 

The Agehylostomum duodenale (see p. 367) gnaws into the mucous 
membrane of the upper portion of the small intestine, nourishes itself 
with the blood of the host, and, after loosening its hold, leaves a small 
bleeding aperture. 

Filaria sanguinis (see p, 358) lives in the blood of man and produces 
chyluria and hematuria. In the kidneys these parasites are found in the 
blood-vessels as well as in the tissues (lymph-vessels?). 

Schistosomum hcematobium also resides in the blood-vessels, and by 
deposition of ova in the mucosa of the urinary passages, colon, etc., 
causes violent hemorrhagic inflammations, and, among other effects, also 
hematuria. (See p. 375.) 

5, Acute infectious diseases* The manner in which hemor- 
rhages are produced in these affections cannot be stated with absolute 
certainty, because the various infectious diseases act very differently in 
this respect. In matiy cases they seem to be due simply to the coexist- 
ence of hyperemia and local debility of the vascular apparatus. In s<»ne 

1 It is doubtful whether in this case hemorrhage in a strict sense can f>e 
spoken of. It appears that the excretion of methemo^obin begins earlier than the 
parenchymatous nephritis. 
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cases the hyperemia apparently depends upon the local presence of the 
pathogenic agent. At all events, anatomic changes in the constituents 
of the vessel waits are only rarely demonstrable. 

Hemorrhages in acute infectious diseases originate in the most 
varied localities and tissues of the body. In almost every infections dis- 
ease, however, there are certain points of predilection where hemor- 
rhages first and most frequently, though not constantly, occur. For 
example, the external skin is often the seat of hemorrhages (cutaneous 
petechiae) in severe cases of the acute exanthemata : scarlatina, measles, 
variola, and also in bubonic plague, typhus exanthematicus, epidemic 
cerebrospinal meningitis, and anthrax ( here in the region of the malig- 
nant pustule). Scarlatina produces an especial disposition to hemor- 
rhagic nephritis, which is sometimes observed also in sepsis, tuberculosis, 
yellow fever, erysipelas, and other affections. In bubonic plague, the 
septic processes, glanders, anthrax and yellow fever, ecchymoses of the 
serous and mucous membranes are frequently found. The ecchymoses 
may be associated with marked hemorrhage ui>on the free surfaces, so 
that in anthrax, as in so-called “bloody flux” (hemorrhagic dysentery), 
bloody diarrhea, and in yellow fever the characteristic “black vomit,” may 
occur. In yellow fever and plague hemorrhagic infarctions in the lungs 
are also frequently observed. Hemorrhagic processes in the spleen are 
not rare in scarlatina, sepsis, and other affections. Typhoid^ is especially 
characterized by frequent hemorrhages in the region of the musculi recti 
abdominis as a result of severe parenchymatous myositis, waxy degen- 
eration, and ruptures within these muscles.^ Nasal hemorrhage (epi- 
staxis) occurs in many severe infectious diseases when the strength of 
the body has been greatly exhausted, especially in scarlatina, typhoid, 
erysipelas migrans, furunculosis, pertussis, etc.'^ 

6* Chronic diseaaes whichareassociated with changes 
in the blood and result in cachexia (cachectic form 
of hemorrhage). To these belong chlorosis, leukemia, 
pernicious anemia, and the marantic stage of malaria, 
syphilis, tuberculosis, and carcinoma. ^ 

The most frequent hemorrhage, which is observed in chlorosis, 
occurs in females, who are decidedly more subject to chlorosis than 
males, and consists in too severe menstrual hemorrhage — so-called 


1 Aside from mtestinal hemorrhages, due to premature dislodgmcnt of sloughs. 
(See Infectious Diseases, p. 507.) 

* The same changes occur also in fibrihous pleuropneumonia. (For discussion 
of the hemorrhagic prestadium of fibrinous pneumonia, see Infectious Diseases, 
P. SJ2.) 

. * Epistaxis is not infrequent in valvular lesions of the heart, and occasionally 

It is observed as a vicarious discharge in suppression of the menses. 
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menorrhagia. Very much rarer are cerebral hemorrhages, which 
probably are sometimes due to the very thin character of the vessel walls 
and to the nutritive disturbances of the constituents of the vessel walls 
so frequently present in young chlorotic individuals. 

I^ernicious anemia usually gives rise to small hemorrhages which 
are generally situated in the mucous and serous membranes, in the brain, 
etc., rarely in the skin, and comparatively frequent in the retina.^ 

Retinal hemorrhages are relatively frequent also in leukemia. In 
this affection hemorrhages, which probably are due to nutritive dis- 
turbances within the vessel walls, are observed also in many other 
organs; epistaxis is particularly frequent. The hemorrhages in the 
mucosa of the gastrointestinal canal and urinary passages, and in the 
kidneys, skin, muscles, omentum, lymph-glands, and brain, are usually 
slight; in the brain, in some instances, they cause by their large size 
a sudden interruption of function (cerebral apoplexy). 

So-called cachectic hemorrhages occur in the most varied 
tissues and parts of the body. Aside from epistaxis, which occasionally 
can hardly be arrested and under certain circumstances ends fatally, 
these hemorrhages caused by nutritive disturbances are usually small. 

7. General hemorrhagic diathesis.^ By this is understood a 
disposition, a tendency, of the body to hemorrhages at various points 
upon slight provocation or even to quite spontaneous hemorrhages 
without demonstrable cause. In contrast to this pathologic general 
hemorrhagic diathesis stand pathologic local hemorrhagic 
diathesis, due to local disposition to hemorrhages, and physio- 
logic diathesis (natural delicacy of the vessels, menstrual hem- 
orrhage, etc.). 

General hemorrhagic diathesis may be acquired, as in scurvy 
(scorbutus) and purpura haemorrhagica {purpura, morbus 
maculosus Werlhofii), or inherited, as in bleeders* disease: 
haemophilia. Hemorrhages are pathognomonic of these three diseases. 

In scurvy {scorbutus) hemorrhages are observed in the skin, 
subcutaneous adipose tissue, muscles, the serous membranes, kidneys, 
and lungs; also from the mucous membrane of the mouth (gums, 
stomatitis hcemorrhagica) , the nose, gastrointestinal canal, air passages, 
urinary tract, and synovia of the joints, respectively. Hemorrhages occur 
externally from the nose, gastrointestinal tract, and genital canal. Hem- 
orrhages of the gums and pericardium are especially characteristic of 


1 According to Mtiller, retinal hemorrhage is always present in pernicious 
anemia at its acme, especially near the veins surrounding the papilla. It is rare in 
chlorosis and simple anemia. 

2iJ dtd0§a’is (iwrlBififii) = disposition, state. 
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scorbutus. The gingival hemorrhages are usually preceded by cyanotic 
swelling; ulcerations, which occasionally assume a gangrenous charac- 
ter and then readily give rise to metastatic gangrenous foci in the lungs, 
frequently develop from these hemorrhages. Hemorrhages of the peri- 
cardium progress under distinct symptoms of inflammation, as hem- 
orrhagic pericarditis. The same is true also of hemorrhages 
of the bronchi (hemorrhagic bronchitis) and of the lungs 
(hemorrhagic fibrinous pneumonia). 

The cause of scorbutus is essentially general unfavorable hygienic 
conditions, principally inadequate and ill-adapted nourishment (too much 
salted meat, too little fresh vegetables; hence, occasional apparent epi- 
demic occurrence on ships, in besieged cities, etc.) ; unfavorable state 
of dwellings (damp, wet, badly ventilated rooms) ; very severe cold 
or heat. For some time there has been a tendency to attribute scorbutus 
to an infection ; there is, however, no positive proof of this. 

Purpura and morbus maculosus Werlhofii, the causes of which 
are unknown, can scarcely be differentiated from each other. When 
the spontaneous hemorrhages are small and punctiform and limited to 
the skin, the process is generally designated as purpura sim- 
plex; if they are larger and appear also in other localities (nose, gas- 
trointestinal canal, kidneys, muscles, fasciae, serous membranes, brain), 
the condition is called morbus maculosus IVcrlhofiL In both diseases 
the hemorrhages are usually visible first upon the lower extremities; in 
purpura they generally remain limited to these parts. Purpura rheu- 
matica (pcliosis rhcumaticus) is a combination of purpura with rheu- 
matism: rheumatic swelling of the joints. 

Barlo'w-Moeller’s disease {ostcotabcs infantum scorbutica) is 
due to deficient nutrition, occurs in infants from to 2 years, and, 
aside from disturbances of osseous growth, is characterized by hemor- 
rhagic diathesis, especially in the bones, but also in other organs and the 
gums. 

The hemorrhages in hemophilia occur partly spontaneously, partly 
with quite extraordinary inten.^ity upon slight trauma. I>oth forms 
of hemorrhage — the spontaneous and traumatic — occur superficially as 
well as interstitially. The superficial spontaneous hemorrhages occur 
principally from the mucous membranes of the nose, the wdiole digestive 
tract, the female genitalia, the air passages, and the lungs. The spon- 
taneous hemorrhages in the external skin generally occur upon a patho- 
logic basis, t.c., in localities which are pathologicly altered. The traumatic 
hemorrhages of surfaces follow stabs, biles, and other traumatisms {e,g., 
laceration of the hymen), especially also after operations (venesection, 
tooth extraction, etc.)- Traumatic interstitial hemorrhages are most 
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frequently caused by contusion; sometimes, however, also by simple 
pressure. Spontaneous interstitial hemorrhages arc observed principally 
upon the head and the external genitalia. 

Sometimes hemophilia does not involve the whole body, but only 
one organ, e.g., the kidney: renal hemophilia. 

Hemophilia frequently produces large extravasations within (hem- 
atomata) as well as outside the body. The hemorrhages are frequently 
uncontrollable, particularly in small injuries {e.g., from the ruptured 
hymen). This persistence of the hemorrhage is due partly to atony 
of the vessel walls, partly to the slight disposition of the blood to form 
coagula (thrombi). The coagulability of the blood is demonstrable in 



9 ?5871932 

Fig. 10. — Table of the bleeder family Mampel. The red figures arc bleeders. 
■, male; #, female individuals. (After Lessen.) 


all cases, but the coagula are more delicate, gelatinous, and do not pos- 
sess the tenacity and firmness of ordinary coagula. 

In almost all cases spontaneous hemorrhages are preceded by dis- 
tinctly perceptible phenomena of active congestion. Further, in a causal 
relation there is also a certain debility of the vascular coats which, 
according to Virchow, depends upon chronic and acute nutritive disturb- 
ances of the vessel tunics, which ‘‘sometimes are anatomic, sometimes 
only functional, in character.^’ 

Hemophilia (bleeders' disease) is a pronouncedly hereditary disease; 
individuals affected with it are designated as “bleeders" (“bleeder fami- 
lies"). Principally, the male members of a family are affected; the 
disease, however, is inherited also through the non-affccted female mem- 
bers. As the majority of the male members of a family succumb to the 
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disease in youth (some of them reach an advanced age in spite of their 
hemophilia), the disease is, on the whole, more frequently transmitted 
through the females than through the males. (See Fig. 10.) When, 
however, a male bleeder has sons, the disease is comparatively rarely 
transmitted. It frequently disappears after two or three generations. 
As a rule, the ratio of affected females to males is 1 to 12 or 13. 

While it is doubtful whether all these hemorrhagic processes are 
independent, another classification is at present impossible. 

Pathologic local hemorrhagic diathesis is usually also pre- 
ceded by phenomena of hyperemia. This is almost always to be 
observed at the beginning of puberty in healthy, vigorous individuals wdio 
suffer from congestions of the head and frequent hemorrhages from the 
nasal mucous membrane. In many cases the active congestion is de- 
pendent upon psychic excitation, corporeal (cardiac) exertion, or the 
action of alcoholic drinks; in others it apparently occurs spontaneously. 
Tlie same is true of those individuals in whom frequent hemorrhoidal 
bleedings occur, which occasionally appear periodically. 

Less positively determined is the congestion in unilateral 
renal hemorrhages. This hemorrhagic diathesis confined to one 
kidney is of especial interest in so far as until now it has been impos- 
sible, either anatumicly or histologicly, to discover any cause for the 
hemorrhage, in spite of the fact that such kidneys have repeatedly been 
extirpated anil carefully examined. 

Finally, we may here mention also fnehrna nconaiorum, although 
this peculiar affection, so far as our present knowledge extends, belongs 
only in small part (perhaps not at all) in the category of local hemor- 
rliagic diathesis. \\y mehena neonatorum is understood an affection of 
the newborn which is characterized essentially by the discharge of black, 
tar-like masses from the gastrointestinal canal. These masses consist in 
great part of blood wdiich has undergone a certain change. Many cases 
terminate fatally ; a source of the hemorrhage is usually not visible at 
necropsy; the only alterations which can sometimes, but not always, be 
found are small, quite flat abrasions of the gastric mucosa (hemorrhagic 
erosions). Here the process is a hemorrhage by diapedesis, and the small 
losses of substance indicate that the gastric mucosa, at any rate, partici- 
pates in the hemorrhage. 

According to recent researches it appears possible, from the not inconsiderable 
number of cases of melena, etiologicly to distinguish two groups : the infec- 
tious and the t r a u m a t i c. In the former group the question is apparently 
one of general septic affections; in the traumatic group, lesions of the calvarium, 
the meninges (hemorrhages, etc.), or the brain. 
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It is customary to distinguish external and internal hem^ 
orrhages and to designate as external those which occur directly 
externally, so that blood is visible as a free hemorrhage upon 
the free surface. Internal hemorrhages occur in the interior of 
the body, either as a free hemorrhage upon one of the internal 
surfaces (of canals or cavities of the body) — in which case the bleed- 
ing is invisible, but it can sometimes be diagnosticated from certain 
symptoms — or in the form of hemorrhagic. infiltration into 
the tissues themselves. When these tissues are visible skin, gums), 
the hemorrhage or the seat of the hemorrhage is recognizable by the 
more or less distinct swelling and change of color {c,g., in contusions) ; 
w^hen, on the other hand, they are situated within the body (in the in- 
ternal organs) or are covered by other tissues {c.g., musculature), the 
hemorrhage itself cannot be seen. 

The extent of the hemorrhage is generally independent of the locality. 
Free hemorrhage, as well as hemorrhagic infiltration, 
may be small or large. If little blood infiltrates the tissues, small, cir- 
cumscribed, p u n c t i f o r ni hemorrhages: e c c h y ni o s e s , or 
more extensive extravasations : suffusions, occur ; if larger amounts 
of blood are effused into the tissues, blood -nodes or blood- 
foci, infarcts, heniatoniata are produced. In the first in- 
stance the tissue is more uniformly permeated with blood or red blood- 
corpuscles, without injuries of the tissues or vessels being recognizable 
by the naked eye. In this event the swelling is usually only slight, often 
scarcely recognizable. In the severer degrees of hemorrhagic infiltra- 
tion the more intense local accumulation of blood can occur only under 
marked swellings (generally with the sensation of tension or pain ) and 
distinctly visible rupture and laceration of the tissues. When such a 
hemorrhage occurs immediately beneath the surface (c.gf., beneath the 
ependyma of the cerebral ventricle) this is, in many cases, also destroyed, 
so that the hemorrhagic infiltration is associated with free hemorrhage. 

Hemorrhagic infiltration is observed in crushing, ^ contusion, con- 
gestion and stasis, embolism, thrombosis; in many forms of poisoning, 
infectious diseases; in general hemorrhagic diathesis, etc. 

Small, free hemorrhages in the interior of* the body often 
remain unnoticed; larger free hemorrhages are usually manifested by 
their sequelae. 

The blood effused into natural canals or cavities of the body either 
remains in loco: latent hemorrhage, or it is subsequently dis- 

1 When the external action is very strong, marked fragmentation of the tis- 
sues and laceration of the surface are generally present, so that free hemorrhage 
also occurs. 
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charged externally. Latent hemorrhage is observed principally in hem- 
orrhages into closed cavities, c.g., in intermeningeal hemorrhages, in 
hemorrhages into the pericardium, pleura, peritoneum, joint cavities, 
cerebral cavities, between the tunica vaginalis of the testes, etc.; more 
rarely in hemorrhages into the natural canals (urinary passages, stom- 
ach, etc.). Subsequent discharge externally occurs, as a rule, in hem- 
orrhages into the lungs (rusty sputum in fibrinous pneumonia, in hem- 
orrhagic infarction) and the air passages (bursting of aneurisms, erosion 
of vessels in ulcerative processes) ; into the digestive tract (gastric 
hemorrhage in hepatic cirrhosis, hemorrhagic erosions, and gastric ulcer; 
in mclccna neonatorum; intestinal hemorrhage from typhoid ulcers; in 
embolism of the ^superior mesenteric artery, etc.) ; into the kidneys 
(hemorrhagic nephritis) and the urinar}^ tract (inflammations, neoplasms, 
varices), and into the genital canal (in menstruation, parturition, in- 
flammatory processes, richly vascular polypi, etc.). 

When the blood is subsequently discharged externally, it appears 
either pure or mixed with secretion (gastric juice, urine, feces: 
hemorrhagic secretion) or with exudate (mucus, fibrin, pus: 
hemorrhagic exudate). In both cases it may be expelled in 
either a liquid or coagulated state. If pure blood is discharged, it usu- 
ally possesses its natural color; if it is mixed with exudate or secretion, 
its appearance may be more or less altered. For example, blood ex- 
posed to the action of the gastric juice assumes a dark-brown color; 
on the other hand, if severe hematemesis occurs suddenly, so that the 
gastric juice acts upon it but slightly or not at all, the blood is usually 
quite unaltered; if it is discharged quickly, it is liquid; if it remains 
for some time in the stomach, it generally coagulates and then frequently 
forms a complete cast of the more or less distended stomach (with dis- 
tinct reproduction of the form of the stomach). Blood which passes 
through the whole or the greater part of the intestinal canal assumes a 
dark, blackish color, even when it is not mixed with feces (as, for 
example, in melcrna neonatorum ) ; while blood from thp colon is some- 
times discharged almost unaltered (r,//.. in so-called red dr bloody flux). 
The blood mixed with mucus and expectorated in fibrinous pneumonia 
imparts to the sputum the characteristic rust-brown color; on the other 
hand, the blood in ulcerative processes in the lungs, when a sudden 
severe hemorrhage (haemoptoe, haemoptysis) occurs, is expelled either 
quite pure and liquid or, more frequently, mixed with air as a foamy, 
bright-red mass. Menstrual blood is generally liquid, because 
the acid secretions of the vaginal mucous membrane, with which the blood 
is mixed, prevent coagulation; in dysmenorrhea, on the other hand, 
the blood is partly coagulated, because in this case it remains for some 
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time in the uterus and does not come in contact with the acid vaginal 
secretions until after it has coagulated. Blood from the kidneys (hem- 
orrhagic nephritis, unilateral renal hemorrhages in local hemorrhagic 
diathesis) is discharged with the urine and colors the latter a few shades 
darker, sometimes red; usually the amount of blood is so slight that it 
can be demonstrated only by careful microscopic examination. If, on 
the other hand, large amounts of blood enter the urinary tract at one 
time (from the renal calices and pelvis, ureters, bladder, urethra), 
coagula are frequently formed, wdiich are either discharged externally 
or retained in the urinary tract, and then not infrequently serve as the 
nucleus for calculous formation. 

Certain hemorrhages have from ancient times received certain desig- 
nations. For example : for nasal hemorrhage ; e p i s t a x i s ( cvioTa£a) 
= drip) ; rectal hemorrhage : h e m o r r h o i d e s ( at/Aa - peo) -w flow, 
stream forth); bloody spit: hemoptoe (al/xa and owtcu, pass, of 
opooi — to become visible) ; bloody expectoration : hemoptysis 
(ai/Lttt - wTvoi ~ to spit) ; bloody vomit : h e m a t e m e s i s {at^Ma - fucw 
= to vomit); bloody urine: hematuria; excessive menstrual bleed- 
ing: menorrhagia'* (lUiJv == moon and pTjywui— rush or burst 
forth ) ; for uterine hemorrhage from other causes : metrorrhagia 
(/Aiyr/aa^ uterus). Many bleedings owe their designation to the locality 
of their occurrence : hematothorax, hemato pericardium, 
hematocele, hematometra, hematokolpos ( koXitos— inlet, 
sheath, vagina). For other hemorrhages the term hematoma (blood- 
tumor) is used: heematoma durce matris, hcematoma vidvcc, hcematoma 
ovarii, heematoma rctroutcrimim. Finally, some forms of bleeding are 
designated according to their appearance: purpura: small red blood- 
spots of the skin, mcleena ( fteXa? == black, and aifta ) from the black, 
tar-like dejecta of the newborn. 

Hemorrhages may exert an injurious influence upon the organism 
in a dual manner: first, by the size of the extravasate alone, 
i.e,, by the loss of blood, and, secondly, by functional dis- 
turbances of those organs which are the seat of the bleeding. 

In external hemorrhage it is a question only of the quantity of 
blood lost. This may vary within very wide limits. When a third 
or more of the total amount of blood is suddenly withdrawn from the 
circulation by internal or external hemorrhage, death occurs from acute 
anemia.^ If smaller amounts of blood are lost quickly and in such rapid 


^ The question how much blood must be lost to cause death cannot exactly be 
answered, because the general condition of the body from which the hemorrhage 
occurs must be considered. It may, however, be stated that when in adults the 
loss exceeds 2 liters there is danger of death. Small losses of blood may be fatal ! 
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succession that the organism is unable in the intervals of the hemor- 
rhages to compensate for the loss by regeneration of blood, chronic 
anemia and hydremia develop. In smaller single hemorrhages which 
are not too profuse, the loss of blood is compensated in a remarkably 
short time. Compensation takes place, first, by increase of the 
watery content of the blood still present, water being drawn from the 
tissues (hence, great thirst after large hemorrhages); then follows an 
increase of the colorless blood-corpuscles (leucocytosis), and last begins 
the new formation of red blood-corpuscles by the so-called hematopoietic 
organs (bone-marrow, lymph-glands, spleen, possibly also the liver). In 
this manner large extravasates can be completely compensated in from 
two to three weeks, and smaller hemorrhages in a shorter time. 

Hemorrhages which cause death from the size of the extravasate 
originate as the result of external injuries, especially on opening of large 
arterial trunks; by bursting of large aneurisms; ruj)ture of the heart; 
during parturition and abdominal pregnancies (ectopic gestation) ; by 
ulceration in the lungs, gastrointestinal canal, etc. 

The functional disturbances caused by internal hemorrhages vary 
according to the locality and size of the hemorrhage. The function 
of an organ is cither more or less markedly disturbed or entirely 
sus])ended. In the latter case, if one of the socalled vital organs is 
involved, death usually occurs suddenly. Thus, severe pulmonary hem- 
orrhages which fill the air passages with blood and arrest respiration 
in this manner cau.se death under manifestations of a.sphyxia, and 
cerebral hemorrhages, by ilisintegration of the cerebral substance, pres- 
sure upon surrounding tissues, and interruption of nervous impulses, 
cause death under phenomena of apoplexy. In less .severe pulmonary 
hemorrhages dy.spnea may occur, and in smaller cerebral hemorrhages 
])aralysi.s or paresis develops. Smaller hemorrhages in those portions 
of the brain important for life (in the large ganglia, internal capsule, 
island of Reil, pons) are usually more deleterious than comparatively 
larger hemorrhages in other parts. Hemorrhages of the urinary tract — 
frequently wdth distention of the affected portion — cause retention of 
urine and sometimes complete anuria and uremia. Hemorrhages into 
the pericardium may, after marked distention of the sac, cause death 
by pressure upon tlie heart; hemorrhages into the pleural cavity may 
cause more or less extensive atelectasis, and hemorrhages into the joints 
may limit or arrest the power of motion. 

When the extravasate in internal hemorrhages is not subsequently 
discharged externally, but remains in situ, the blood either coagu- 
late.s or remains liquid. In the latter case complete ab- 
sorption of the extravasate may take place; the serum is 
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first absorbed, then the red blood-corpuscles are dissolved, the hemo- 
globin diifused and absorbed like the serum. This is the case especially 
in smaller hemorrhagic infiltrations from contusion) and in hem- 

orrhages into joint cavities and serous cavities (especially the peritoneal 
cavity). When the blood coagulates (always in cerebral hemorrhages, 
frequently in pericardial hemorrhages, sometimes in pleural hemor- 
rhages) the extra vasate undergoes further changes, which may consist 
ill organization, pigmentation, inspissation, or soft- 
ening. In coagulation, first the serum is separated from the 
coagulum in the ordinary manner ; when the serum reaches the periphery 
of the coagulum it is absorbed; if the coagula are peripheral, so that the 
serum collects in the center, the serum may remain inclosed. 

In organization cells and vessels grow from without into 
the coagulum, so that the latter is gradually replaced by connective tissue 



Fig, 11.— Hematoidin crystals from a brown focus of softening 
of the brain. (Highly magnified.) 

which finally is converted into cicatricial tissue. In this manner, if the 
serum was retained in the center of the coagulum, small cysts develop 
(especially in the brain) ; if the serum was in the periphery and has been 
absorbed, cicatrices result. 

Under these circumstances the hemoglobin may be partly diffused 
and absorbed; some of it, however, usually remains in loco to be con- 
verted into diffuse, or granular (nodular or amorphous siderin), 
or crystalline (heniatoidin crystals or fine needles) pigment. 

(Fig. 11.) 

Condensation of the extravasate consists in a gradual inspissation. 
During this process all the blood-coloring matter may be absorbed in the 
manner already described, or, at least in part, remain in loco. The con- 
densed, dry exudate mass, like many other dead parts, is frequently 
infiltrated with lime-salts: calcined. 

Softening of the exudate may be simple, digestive, or putrid. In 
simple softening granular disintegration of the fibrin and usually at the 
same time also disintegration of the red blood-corpuscles without ab- 
sorption of the hemoglobin occur, so that a brownish pap-like material 
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develops from the coagulum by imbibition of watery fluid. Digestive 
softening is confined to superficial, heniorrhagicly infiltrated areas in 
the mucous membrane of the stomach ; under the action of the acid con- 
tents of the stomach so-called hemorrhagic erosions develop from these 
areas by a kind of digestion. Putrid softening occurs only when infec- 
tious germs enter the extravasate and a suppurating or putrid process 
develops. 

Hemorrhage may artificially be arrested by ligation, compression, 
etc., or it ceases spontaneously after a time. Spontaneous cessation is 
favored by three events: 1. in arteries, by inversion and contraction of 
the muscularis, which thus produce progressive narrowing of the lumen 
almost to complete closure; 2, in all vessels, by lowering of the blood- 
pressure within the vessels as the result of loss of blood, and, 3, by the 
formation of coagula, first outside the injured vessel. These coagula 
attract, as it were, the fibrinoplastic substance still present in solution in 
the blood ; for this reason coagulation advances toward the interiof of 
the vessel, and an occluding thrombus is thus finally produced. 


STASIS. 

By stasis^ is meant a local arrest of the blood-cur- 
rent within the capillaries without coagulation, but 
with alteration of the proportion of the constitu- 
ents. Arrest without change in the proportion of the constituents 
is designated as stagnation {stagnare: submerge, flood, to be 
under water). The change in the proportion of the constituents in 
stasis consists in condensation of the blood in a locality by loss of the 
watery constituents. 

Between the blood, the living vessel wall and the surrounding tis- 
sues there is a ratio of diffusion w^hich depends upon the chemic and 
physic characters of these three parts. The diffusion current through 
the living vessel wall is determined by molecular attraction (attraction 
theory). Every alteration of the tissues may cause a change in the 
molecular attraction of the blood. If a tissue area is subjected to irri- 
tation which produces alteration of the molecular attraction, acute exu- 
dative processes may develop which, by abstraction of the watery con- 
stituents, cause condensation of the blood at this point. If this local 
condensation causes arrest of the blood, stasis occurs. 

Stasis, therefore, is not a primary circulatory disturbance ; the pii- 


I aw from = stand, arrest. 
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mary disturbance is tissue alteration, ^ which is associated with local 
condensation of the blood; the circulatory disturbance is a secondary 
phenomenon. 

Stasis occurs in all inflammations ending in necrosis^ : for example, 
in diphtheria® and typhoid (in the latter only in the area of the slough ) ; 
in cauterizations (in the area of the sphacelus) ; in red heat of the third 
degree (sloughing, carbonization) ; in the highest degrees of freezing 
(gangrene), and by evaporation in excoriation in the region of 

slough formation). The termination of stasis, therefore, is always 
necrosis. 

Stasis has frequently been the subject of experimental and micro- 
scopic investigation. That which can be observed under the microscope 
is about as follows: At first slowing of the blood-current is seen; then 
the sluggish, colorless (plasmatic) marginal zone of the blood-stream, 
which is free of red blood-corpuscles, gradually disappears, the red 
axial stream, consisting of red blood-corpuscles, spreading out and the 
red blood-corpuscles increasing in number; finally, the whole vessel 
lumen appears to be densely filled with red blood-corpuscles, which are 
frequently somewhat shrunken, and the blootl-current is arrested. 


THROMBOSIS. 

Thrombosis*^ is coagulation of the blood within the 
vessels during life. This is always due to pathologic condi- 
tions. Without the latter, the blood flowing within the living vessel 
walls remains fluid, because the living vessel wall ])revents coagulation. 

Tn the act of coagulation the blood passes from the fluid to the 
solid state; that portion of the blood which becomes firm is called the 


1 According to Samuel and Cohnheim, the primary change is an alteration of 
the vessel wall, which renders the latter incapable of resisting the blood-pressure 
and of retaining the liquid constituents of the blood. 

According to von Recklinghausen, the first visible change is an alteration of 
the red blood-corpuscles, which become firmer and less flexible. 

According to Henle, the result of the alteration of the vessel wall is that 
more water than albumin and fibrin is abstracted from the fluid portion of the 
blood; the blood-plasma becomes more concentrated and consequently the viscidity 
of the blood, and the friction against the vessel wall is increased. 

2 Stasis is not a necessary concomitant of inflammation. It is lacking, for 
example, in all exudative inflammations. It was first observed in inflammation and 
was, therefore, formerly considered a concomitant of inflammation. Every inflam- 
mation in which stasis occurs (inflammatory stasis) invariably results in local death 
of the tissues (necrosis). 

®Only, however, in superficial mortifying, but not in exudative fibrinous, 
processes. (See Diphtheria, p. 523.) 

* ^po/ifiof » to clot, from rpe^^ r^po^ == to make firm, coagulate. 
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clot or coagulum.i Clotting or coagulation^ is due to 
separation of fibrin under the influence of a ferment (fibrin fer- 
ment: thrombin) which is present in minimal amount in the blood- 
plasma even under normal conditions. Thrombin is derived from an 
inactive antecedent: prothrombin (thrombogcn), which exists in 
the tissue- and blood- cells, and is converted into ferment (thrombin) 
under the action of so-called zymoplastic substances; likewise present 
in the cell-plasma, especially that of the red blood-corpuscles. Thrombin 
separates from the proteid of the blood-plasma, Lc., the paraglobulin 
(formerly so-called fibrinoplastic substance), so-called fibrinogen 
(metaglobulin), which is still fluid, but is ])recipitated as firm fibrin by 
lime-salts present in the blood. The zymoplastic substances develop 
at the instant the blood leaves the vessels, probably chiefly as the result 
of disintegration of blood-platelets, probably also of red blood-corpuscles 
and leucocytes. There are also thrombogenetic substances derived from 
the tissues — tissue coagulin — which act upon the blood chiefly as 
ferments. The combined action of these various substances explains 
why the blood does not coagulate in the living vessels. Many authori- 
ties assume the existence of *'iibstances, referred principally to the endo- 
thelia of the intima, which inhibit coagulation. The serum itself remains 
liquid. I'ibrin consists of minute fibrilla? which are intimately inter- 
twined and form a more or less dense reticulum. 

With occurrence of coagulation, part of the white cells as well as 
many of the red bkxxl-corpuscles show signs of disintegration, to which 
change very probablly is due the formation of the so-called "blood-plates.” 

Coagulation of tlie blood occurs outside the vessels, in- 
side the vessels after d e a t h , and inside the vessels 
during life ( thrombosis) . 

I. Coagulation outside the vessels is observed in hem- 
orrhages, when : — 

1. The blood is discharged externally. This blood (r.r/., venesec- 
tion blood) may be caught in a receptacle and coagulation directly 
observed. This occurs either in the ordinary manner, t.c,, quite rapidly 
(ordinary coagulation), or slowly (delayed coagulation). In the first 
instance the blood-corpuscles are inclose<l by the fibrin reticulum,'* and 
the fluid serum is pressed out by contraction of the fibrin mass. The 
specifically heavier fibrin, with the inclosed blood-corpuscles, then sinks 
in the specifically lighter serum, and the latter collects at the top. 


1 See footnote, p. 53. 

3 Coagularc: to make coagulate, curdle. 

See footnote, p. 53. 

* Fibrin d* blood-corpuscles form the so-called blood-clots, placenta sanguinis* 
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In delayed coagulation the blood-corpuscles, the heaviest constitu- 
ents, have time slowly to sink and collect at the deepest part before 
coagulation arrests them. If coagulation now begins, the fluid part of 
the blood, which is specilically lighter than the blood-corpuscles and 
therefore lies above them, separates into fibrin and serum above the red 
blood-corpuscles, so that (in the receptacle) the following strata can be 
seen from above downward: — 

Serum, 

Fibrin coagulum (sizy, buffy coat, crusta phlogistica) . 

{ above: the white {crusta granulosa, cruor 
lymphaticus) . 

below: the red, red cruor, 

2. The blood is extravasated into body cavities during life (in 
free hemorrhages into the interior of the body: in severe gastric hem- 
orrhages, when the blood remains in the stomach; in hematometra, 
dysmenorrhea; in hemorrhages into the ureters, etc.), or enters the 
tissues in large amount (in hemorrhagic infiltration; in hematomata, 
apoplexia sanguinea cerebri, etc.). 

II, Coagulation within the vessels after death 
(never within the capillaries!) generally occurs slowly, especially in 
the heart; hence, separation of the blood into buflfy coat and cruor is 
frequently observed in the cadaver (most frequently in the heart). If 
inflammations in which the inflamed tissues {c.g,, in fibrinous pneu- 
monia, pleuritis, and fibrinous pericarditis) formed fibrinous exudates 
existed during life, the fibrin content of the blood is increased^; in this 
case formation of large numbers of quite firm fibrin coagula is almost 
constantly observed post mortem,^ 

‘Coagulation occasionally occurs very early, particularly In patho- 
logicly altered vessels and on contact with foreign substance; it may 
be hastened also by high temperature. In other cases it is absent: for 
example, in great richness of the blood in alkalies and acids (c.< 7 .. car- 
bon dioxide; hence, the blood is fluid when death has occurred from 
asphyxia) . 

In bleeders the disposition of the blood to coagulate is usually 
diminished. 

III. Coagulation of the blood w'ithin the vessels 
during life (thrombosis) is caused by: — 

1, Passive congestion. This may be due to: — 

1 Also in pregnant women. 

2 The older the thrombus, the more water it loses ; it becomes dry and wrinkled. 
A coagulum formed post mortem is surrounded by dead tissue and therefore is not 
subjected to absorption of water from this source; consequently, ft remains moist 
and smooth. 
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(a) Narrowing or occlusion of the vessel lumen, e.g., by ligationi 
of arteries and veins, compression of veins, marked amyloid degenera- 
tion of the capillaries. As a result of this, slowing or arrest (stagna- 
tion) of the blood-current occurs. In this case a thrombus does not 
form at once, but only after hours. 

{h) Interruption of the continuity of the vessel wall by trauma 
(severance, rupture) or by pathologic processes. Here retraction of 
the media and intima with inversion and narrowing of the lumen are 
observed in the arteries as a result of contraction of the muscularis. In 
the veins slowing of the current occurs principally as the result of lack 


A B. 



Fig. 12 . — Ay blood-clot: B, fibrin coagulum: C, white-cell thrombus, with 
fibrin; D, plate thrombus, with scattered leucocytes. (After Smaus.) 


of the propelling force {X'is a tcryo ) ; occa>ionally (c.3., in amputations) 
reversal of the current up to the nearest venous valves results. 

In the open, valveless veins of the freshly emptied gravid uterus, 
contraction of the uterus favors thrombosis by the constriction and 
compression thus exerted (compression thrombosis). 

(c) Persistent dilation of the heart and vessels: dilation 
thrombosis. Here belong varices, aneurisms, partial aneurisms 
of the heart, dilated auricles. In markedly diminished cardiac power, 
the recessus between the trabeculae of the heart acts quite similar to 
these persistent dilations, 

^ But only when the intima is tom or injured by the ligature. In ligature 
without injury of the intima, no thrombosis at the point of ligation occurs. . When, 
with careful protection of its walls, a blood-vessel is ligated at two points between 
which no branch Is given off, the blood may remain fluid within the ligated section 
for weeks. 
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(d) Absolute diminution of the force of the heart as a result of 
severe acute {e.g., typhoid) or chronic (bone suppurations, tubercu- 
losis, carcinoma) affections in marantic individuals, especially when 
local impediments also exist. This slowing of the blood-current caused 
by marasmus always results in the formation of thrombi in the veins 
only : marantic thrombosis. 

2. Alterations of the molecular attraction between 
the blood and the surrounding parts (e,g,, of the internal surface of 
a vessel). The molecular attraction is altered by: — 



I'ig. 13. — Plate thrombus. /, fibrin; p, blood-plates massed as fine 
granules; c, leucocytes. X 49. (After Smaus.) 

(a) Nutritive disturbances within the veSwSel walls, simple as well 
as inflammatory: in the arteries and heart by chronic thickening, calci- 
fication, fatty metamorphosis, and ulceration of the intima or endocar- 
dium; in the veins by suppurative processes which attack the venous 
walls from without. 

(b) In the arteries and veins by gangrenous processes. 

(c) Foreign bodies which enter the vessels, c,g,, ligatures, wood 
splinters, needles, bullets, coagula, etc. 

(d) Ferment formation within the flowing blood: ferment 
thrombosis. Influences which destroy the blood-corpuscles: toxic 
influences, act as a cause of the formation of fibrin ferment within the 
blood-vessels. Thus, thrombosis is observed within the smaller vessels 
in extensive burns, and in poisoning by mercury, arsenic, and phosphorus. 

According to their composition, three varieties of thrombi are 
distinguished : — 
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L White thrombus. This is composed of fibrin coagiilum and 
blood-plates.^ According to the investigations of Zahn and others, 
it develops in the erythrocyte-free marginal (plasmatic) zone of the 
flowing blood. (See Fig. 12, D, and Fig. 13.) 

2. Red thrombus. This differs from the so-called white thrombus 
by its great richness in red blood-corpuscles; to the latter it owes its 
color and name. It develops principally in stagnant blood. 

3. Mixed or lamellated thrombus. In this, white and red throm- 
bus masses occur together, sometimes even quite uniformly stratified 
or lamellated. It occurs especially in the interior of aneurismal dila- 
tions of the heart and aorta, and in so-called continuous or pro- 
gressive or secondary thrombus. 

When, in addition to the constituents already flescribed, a thrombus 
contains infectious germs, it is called an infected or infectious 
thrombus. On the other hand, a n on - i n f ec ti o u s or bland 
thrombus is one wdiich contains no infectious germs. 

According as a thnanbus partly occludes or narrows the lumen 
of a vessel or completely fills it are distinguished mural (lateral, 
parietal) or narrowing thrombi, and obstructing or oc- 
cluding thrombi. In the heart, only mural thrombi occur; in the 
arteries the mural are more frequent than the occluding; in the veins 
mural thrombi frequently develop from the pockets of the venous 
valves, i.c., from the space between the valve and vein wall: valv- 
ular thrombi. Occluding thrombi are observed most frequently 
in solution of continuity, in marasmus, and in inflammations of the 
veins (phlebitis). 

Furthermore, we distinguish between primary or autochtho- 
nous {i.c.. formed at the place where found) and secondary or 
progressive t li r o m b u s . The former is principally mural and 
occurs in the heart, arteries, and veins; the latter may be mural as 
well as occluding, and occurs more frequently in the veins than in the 
arteries and heart. Progressive thrombi always grow in the direction 


1 The blood-plates are considered by Hayem, Bizzozero, Laker, Lowit, Eberth, 
and Schimmelbusch and others as the constant so-called third formed constituent of 
the normal blood. A few investigators (Ziegler, Wlassow, and others) are of the 
opinion that the blood-plates are disintegration products of the red and colorless 
blood-corpuscles; others consider them globulin precipitates. Lilienfeld considers 
the blood-plates as derivatives of the nuclei of leucocytes (nuclein platelets). J. 
Arnold is of the opinion that the blood-plates arc produced from erythrocytes by 
constriction. There is, therefore, no unanimity among authorities as to the question 
whether the blood-plates are to be considered constant normal constituents of the 
blood. They arc small, flat, rounded or oval corpuscles which are very much smaller 
than a red blood-corpuscle (the blood-plates are about one-fourth the size of the 
red blood-corpuscles). These blood-plates cling to each other during coagulation 
(conglutination) and readily adhere to the vessel wall 
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toward the heart. The length of these progressive thromW is very 
variable; in some instances thrombi of the large venous trunks may 
grow onward into the right auricle. 

In the heart the external conformation of thrombi may be 
verrucous^ {verruca: wart), globular {gtobus: sphere), or 
polypous; in the arteries and veins hemispheric, globular, 

p o I y p o i d , or cy li n ciric. At first most 
thrombi are very small; then they generally 
begin gradually to grow, the coagulated fibrin 
(or the conglutinated blood»platcs ) , like a 
foreign body, attracting the fibrin still present 
in solution. In this manner new deposits de- 
velop in lamellated form which, with more 
uniform precipitation, lead to spheric or cylin- 
dric, with more unequal precipitation, to nodu- 
lar, cauliflower-like (verrucous), and villous 
(jKilypoid) formations. At first the surface 
of these coagula is almost always smooth; 
later, however, it may assume another con- 
formation, appear rough and uneven, espe- 
cially when portions arc broken off (W torn 
away. The surface of thrombi is frequently 
corrugated or wavy; this is particularly the 
case when the surface is directed toward the 
flowing blood, and is almost always to be 
observed in large parietal thrombi of the 
heart and aorta, especially within aneurismal 
dilations. 

F’artial thrombi of the arteries and veins 
which only diminish the lumen are frequently 
unrecognized during life, because they seldom 
produce symptoms. Thrombi of the heart 
frequently cause enil)olism. 

If sufficient collateral circulation is not 
established by the aid of further anastomoses, occluding thrombi of the 
veins cause engorgement with its further consequences (tendency to 
watery transudations, r.r/., in phlegmasia alba dolcns; tendency to hem- 
orrhage, c.g., in the brain in sinus thrombosis; induration; functional 
disturbances, etc.). (See Results of Engorgement.) 



Fig. 14. — Valvular ma- 
rantir continuous thrombus 
of the femoral vein of a 
consumptive girl. At the 
upper end, directed toward 
the heart, is a roughened 
fracture surface. The frag- 
ment dislodged from this 
point caused pulmonary ap- 
oplexy by occlusion cf a 
pulmonary artery. (After 
Langerhans.) 


1 Principally upon the valves and chordae tendineee; rarer, in pthcr parts. 
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Ocdudini^ thrombi of the vena porta and of the inferior vena cava 
demand special consideration, because a great part of the blood returns 
to the heart through these veins. In occlusion of the portal vein by 
thrombosis (also in cirrhosis of the liver) there is intense engorgement 
of the vena azygos and hemiazygos, 7rn(C ccsophagcc, spcrmaticce, urn- 
bUicalcs, parumbihcalcs, and of the veins of the ligamcntum teres and 
suspensorium and of the anterior abdominal wall. Intense congestion 
of these veins produces a dense convolution of greatly dilated and very 
tortuous veins, which has been designated caput medusev. The same 
phenomenon is observed also in occlusion of the inferior vena cava. If 
in this condition the large radical branches are open, a collateral circu- 
lation may readily be established through these. The latter is estab- 
lished through the vena azygos (lumbar and inferior intercostal veins) 
and hemiazygos to the superior vena cava; through the epigastric to the 
mammar)^; through the femoral, abdominal, and thoracic veins to the 
diaphragmatic and intercostal veins, the plexus dorsalis and plexus 
spinalis anterior and posterior. 

Obstructing thrombi of the arteries produce the same phenomena 
and results as embolism, with the difference, however, that in embolism 
the sequeltC (or symptoms) appear more rapidly, suddenly, and, there- 
fore, usually more intensely. (See Embolism, ]). 85.) If the occlu- 
sion of an artery by a thrombus occurs very slowly, a sufficient collateral 
circulation may be established. If no collateral circulation develops, then 
first anemia, if occlusion is complete, and hyperemia in the collateral 
area are observed. The anemia, owing to its slow development, is usually 
less dangerous than the anemia following embolism. It may, however, 
be associated with functional and nutritive disturbances, and even 
terminate in mortification. 

Whenever thrombi remain for some time (one to two days) in close 
contact with the vessel wall, changes occur in the thrombus as well as 
in the vessel wall, which may vary according to the composition of the 
thrombi. The alterations in the thrombi themselves are always of a 
purely passive nature. W hen no infection is present, the changes in 
the vessel walls consist in proliferation of the endothelia and of the 
intima cells, and in budding of the vasa vasorum. If the vessel walls 
are diseased, as, c.jr., within varicose and aneurismal sacculations, the 
progressive changes are usually very slight and, consequently, there is 
at most a very loose union between the inner surface of the vessel and 
the thrombus. 

In other cases the thrombus acts like a foreign body which excites 
the vessel wall to a more intense reactive process ; then it is seen that 
the cellular proliferation as well as the new vessel formation penetrates 
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the thrombus and organizes and vascularizes it in a comparatively short 
time (eight to fourteen days). In organization and vascu- 
larization of the thrombus the latter remains passive, in 
that it gradually is substituted by richly vascular connective tissue. The 
constituents of the thrombus itself do not participate in the process of 
organization or vascularization. 

In the process of organization the thrombus itself undergoes partial 
hyaline metamorphosis, the fibrin fibrillse coalescing to form 
a homogeneous mass. The thrombus is thus rendered firmer, denser, 
and smaller. This diminution in size may advance so far that in cer- 
tain localities where intimate union with the vessel wall has not as yet 
occurred the thrombus is lifted from the wall, and in this manner the 
old lumen of the vessel is partly restored (lateral canalization). 
Later, when the thrombus is replaced by connective tissue, further re- 
duction in the size of the former thrombus may occur as a result of 
cicatricial contraction and, at the same time, progressive restoration of 
the old vessel lumen take place. 

In other cases partial restoration of the vessel lumen may occur 
without lateral detachment of the thrombus by the development within 
the thrombus, through vascularization, of wider vessels which traverse 
the thrombus in the longitudinal direction of the vessel. If this occurs 
to a marked degree, a previously occluding thrombus may appear per- 
vious throughout. Sometimes organization and vascularization of the 
thrombus do not occur even though the vessel walls are not in a 
pathologic or weakened condition. The reason for this is unknown. 
Sometimes only the external (peripheral) layers of the thrombus are 
organized. In large varicose and aneurismal dilations organization and 
vascularization fail to take place, because the constituents of the wall 
are in a pathologic condition, in a state of retrograde metamorphosis, 
and, therefore, progressive changes occur only partially and incompletely. 

Whenever organization or vascularization fails to occur, other 
alterations generally appear which, in contradistinction to progressive 
organization, may tersely be designated as retrograde changes. These 
consist in induration or softening. 

In induration (hornification, hardening) the throm- 
bus becomes firm, dry, and shriveled ; subsequently a deposition of lime- 
salts (calcification) usually occurs, whereby the indurated thrombus is 
converted into a stone. This petrification occurs most frequently in 
the veins (phleboli t hs). 

Softening begins by the red blood-corpuscles losing their col- 
oring matter and undergoing granular disintegration. The fibrin fibrillse 
also disintegrate into a granular detritus (soft disintegration product, 
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from dctererc: triturate, erode), a creamy, whitish-yellow, pyoid mass 
(pus-like, puriform mass), which microscopicly consists of 
small, fine, pale albumin granules. Finally, the colorless blood-corpus- 
cles disintegrate by fatty metamorphosis. If many red •blood-corpus- 
cles were inclosed in the softening thrombus, the puriform mass may 
possess a more or less reddish or reddish-brown color (similar to pus 
mixed with blood). Puriform softening of thrombi is to 
be distinguished from true suppurative, purulent disintegration. Puri- 
form softening always begins in the oldest, central lamellae. If it reaches 
the surface, there is danger that parts of tlic sofleneil and disintegrating 
thrombus may be dislotlged by the blood-currcnt and cause embolism. 
Puriform softening is extremely frequent in parietal thrombi of the 
heart and in progressive thrombi of the veins. Fronf the latter, smaller 
or larger fragments are quite often dislodged hy the blood-stream just 
at tliO'C points wliere the thrombus grows out of Miialler branches, pro- 
trudes into larger, and forms projections exposed to the blood-current, 
liy di ‘^lodgment of large fragments sudden death may occur from pul- 
monary embolism. 

True purulent softening of thrombi^ is always due to 
the [)resence of infectious material, whether the latter, as in certain 
puerperal cases, is within tlie vessels or whether a suppurative process 
attacks the arterial or venous wall from without and the thrombosis is 
the result of purulent arteritis or phlebitis, respectively. In every sup- 
purative softening of a thrombus the disintegration, in contradistinction 
to puriform softening, progresses from without inward, the pus-cor- 
puscles entering the thrombus from without being furnished, not from 
the thrombus, but from tlie vessel wall or the surrounding tissues. Here, 
also, the danger of embolism is very great, because the thrombus dis- 
integrates, the disintegrating infectious material is transported by the 
l)Iood-stream and occludes distant arterial vessels. (For further results 
of embolism, see Embolism.) 


EMBOLISM. 

The process of emboli.sm ( : to throw into) is de- 
pendent upon foreign substances which enter the circulation and, carried 
hy the blood-stream, are forced onward until arrested in some portion 
of the vascular system, owing to the disproportion between their size and 
the width of the vessel lumen. The mass which is thus transported and 
arrested is called an embolus. 

* Putrid, gangrenous disintegration of thrombi in gangrenous processes is very 
similar. 
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Since the blood in the veins (with exception of the portal vein, in 
which in embolism the conditions are the same as in the arteries) always 
flows from smaller into larger vessels, embolism does not occur in the 
venous system; consequently, embolism is always an arterial or capil- 
lary phenomenon. 

Bodies which are smaller than the lumen of the capillaries (c.g,, 
isolated bacteria) pass unhindered through these vessels with the blood- 
current, Therefore, all emboli are larger than the diameter of a capil- 
lary. On the other hand, the foreign body must be smaller than the 
largest vessels; otherwise transportation with the blood-current is im- 
possible. The size of the emboli, therefore, is limited on both sides : it 
may vary betw^een the diameter of the larger and that of the smallest 
vessels. The largest emboli are found in the lungs and in the large 
vascular trunks of the extremities ; sometimes in the aorta. 

Those foreign constituents which may give rise to embolism are 
the following: — 

1. Blood-coagula. Since in embolism the question is one 
of a process in the vascular system of the living body, the blood- 
coagula are always produced by thrombosis. Coagula which have 
formed outside the body cannot accidentally, but only intentionally (c.g,, 
in animal experimentation), enter the circulation. All thrombi — venous 
as well as cardiac and arterial — ^may cause embolism, in that either the 
thrombi are dislodged in toto from the vessel wall or, what is by far 
more frequent, only certain portions are loosened, detached, and carried 
onward by the blood-current. 

Thrombi of those veins in which the blood flows to the right heart, 
as well as those of the right heart itself, produce, in accordance with 
the direction of the circulation, embolism in the lungs^ ; thrombi of the 
left heart and of the arteries prcnluce embolism in the region of the 
branches of the aorta. Thrombosis of the portal vein is not particularly 
rare, but it almost never produces embolism of the liver. Thrombosis 
of the pulmonary veins also is very seldom followed by embolism. 

In general, thrombosis causes embolism only when, by one cause 
or another, portions of a thrombus (or a whole thrombus) are dislodged 
and carried onward by the blood-current. This may occur, on the one 
hand, as the result of internal cause, when the thrombus undergoes 
puriform softening or disintegrates by suppuration. In this regard the 
so-called progressive thrombi especially are dangerous, because they so 


1 Exceptions to this rule occur when an abnormally large foramen ovale fs 
present in the heart; an embolus from the right auricle may then enter the left 
auricle and a detached fragment of a venous thrombus from the femoral 
vein) enter the branches of the aorta. 
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frequently grow from smaller veins into larger, while, at the same time, 
they undergo puriforni softening on the inside. If the softening advances 
toward the surface, smaller or larger portions are readily tom off by 
the blood-current from the part projecting into the larger vessel. On 
the other hand, external mechanic insults often cause disintegration of 
thrombi. For example, forced, especially rapid, movement of the body; 
too energetic manipulation (palpation), a blow or incautious pressure, 
may dislodge a portion of a thrombus. 

In some cases it can positively be determined that an embolus is 
derived from a discovered thrombus^ by the fact that both thrombus 
and embolus present roughened, symmetric (fracture) surfaces agreeing 
in size and form, and corresponding also in color and consistency. 

2. Constituents of the wall of the heart and of the 
vessels. In order for these (they are essentially ix>rtions of the 
endocardium or intima) to become detached from their surroundings, 
ulcerative proce.sses, c,g., ulceration of the valvular apparatus in malig- 
nant (ulcerative) endocarditis, atheromatous processes in arteriosclerosis 
with subsequent ulceration, etc., are necessary. 

3. T u m o r masses, which grow into the vessel lu- 
men through the vessel w'all. Here contact with the flowing blood 
occurs. If the tumors are of the soft, metlullary type or have become 
markedly friable as the result of retrograde metamorphosis, small par- 
ticles may very readily be dislodged by the blood -current. The tumor 
particles thus dislodged are usually too small to be recognized by the 
naked eye. Larger fragments arc only rarely demonstrable. Von Reck- 
linghausen is of the opinion that in transference of tumor particles (also 
of thrombi) a backward transportation, i.r., in a direction opposite 
to the current of blood (see p. may occur, for example, when 
pathologic causes produce a reversal of the blood-current. This takes 
place, for example, when the radicles remain open in complete occlusion 
of a vascular trunk. 

4, Individual organ cells: for example, decidual cells 
are found in the pulmonary capillaries after parturition; liver-cells in 
the same location after injuries to the liver. 

5, Fat. This fat always is derived from the body, i.r., from 
cells containing fat: liver-cells, cells of adipose tissue, the yellow fat- 
marrow of the tubular bones. For the fat to be liberated, the cells 
themselves must be injured — crushed, <lisintegrated. This may occur 
in crushing of soft parts, wounds of all kinds, fractures, infections, 
eclampsia, heart lesions. Fat embolism is always most marked 


* At the end directed toward the heart. 
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in the lungs (at the darker stained portions); it occurs also in the 
kidneys, brain, and heart; more rarely in other organs. The fat em- 
boli are situated chiefly in the capillaries and, therefore, are demonstrable 
with certainty only by aid of the microscope. (See Fig. 15.) 

6. Entozoa. In rare instances cysticercus (in the brain, 

in the region of the large ganglia, they are quite rarely found within 
old, usually completely obliterated vessel walls) ; somewhat more fre- 
quently echinococcus (especially in suppurative disintegration of an 
echinococcous cyst). 

7. A i r. This sometimes enters the circulation ( p n e u m a - 
themia) in injuries of veins of the thorax (and coincident labored 
respiration) ; also in parturition through the o])en veins of the freshly 
emptied uterus. Small air-bubbles may be forced by the right heart 



Fig. 15. — I'at embolism of a glomerulus after fracture of both femurs. From 
a fresh section. (Zeiss Apochr., 4; Comp. Ocul., 4. After Langerhans.) 

into the branches of the pulmonary artery, and there cause occlusion. 
Air-bubbles which pass through the pulmonary capillaries may enter the 
left heart and be forced into the arteries, and there be arrested. If 
much air enters the vessels, it niixe.s in the right ventricle with the blood 
to form a foamy mass, and death quickly ensues by interruption 
of the circulation. Wdien individuals working in compartments con- 
taining compressed air (as in caissons employed in building foundations 
for bridges and in construction of tunnels) pass suddenly from this 
high pressure to the pressure of the ordinary atmosphere, the marked 
decrease in pressure (decompression) may cause liberation within the 
bkxjd of gases (oxygen, carbon dioxide) in the form of bubbles, which 
produce mechanic disturbances in the blood-channels (gas emboli). 
Air or gas may easily enter the vessels by anastasis during ne- 
cropsy: for example, into the vessels of the meninges, etc., on making 
incisions into the heart; such occurs also by decomposition in begin- 
ning putrefaction.! One should, therefore, guard against errors. 


1 See Bacillus aerogenes, p. 520. 
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8. Foreign bodies accidentally or intentionally 
(experimentally) introduced, such as coal-dust, coloring 
matters, mercury, silver, etc. 

The sequelae of embolism vary according to the composi- 
tion and size of the emboli; according to the vascular sup- 
p 1 y and the vital importance of the affected organ. 

In certain cases of embolism of vital organs (heart, lungs, brain) 
a sufficient equalization of the disturbed circulation is impossible, and 
death occurs suddenly. Embolism of the left coronary artery is 
absolutely fatal; the left ventricle is at cmce paralyzed. The right ven- 
tricle continues to work fur a ‘^hort time and then ceases. Owing to 
the coincident arrest of the left ventricle and the still continued action 
of the right ventricle, considerable pulmonary edema develops. Occlu- 
sion of the right coronary artery is not followed by the same severe 
sequeb'e. l.arge emboli of the pulmonary artery which occlude a large 
branch act fatally; here much depends upon the force of the right 
ventricle; if this is sufficient to Ijreak up the embolus, life may con- 
tinue, because occlusion of smaller branches of the pulmonary artery 
docs not cause death. 

As regards the composition of the emboli, it is neces- 
sary to differentiate those which convey infectious material from those 
which possess no infectious properties. To the former — the infec- 
tious emboli — belong dislodged portions of thrombi which contain 
purulent or i)utrid masses, or microbes capable of ])roducing suppurative 
or putrid processes ; furthermore, coarse or fine particles of the endo- 
cardium dislodged by malignant (ulcerative) endocarditis, and tumor 
masses in so far as they i>ossess infectious properties. In every instance 
transportation of the infectious material produces infection (so-called 
metastasis, at the point where the embolus is arrested. 

To n o n i n*f e c t i o u s e m b o 1 i belong all parts of bland 
thrombi which are trans]>orted and produce eml>olism, individual cells 
of organs, fat, and foreign bodies, such as pigments, carbon, mercury, 
and others mentioned under No. 8. All these noninfectious or, tersely, 
bland emboli produce essentially mechanic effects by reducing 
the size of, or occluding, the vessel lumen at the point where 
they are arrested. 

Occlusion occurs in every instance in which the embolus is equal 
in size to the lumen of the vessel, /.c., when it exactly fits a vessel. As 
the arteries in general divide dichotomously and the lumen of the 
branches remains unaltered in size from their point of origin to their 
division, obstructing, occluding emboli are found chiefly at, or just 
beyond, the point of bifurcation. 
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Narrowing of the vessel lumen by embolism occurs when a some* 
what elongated embolus is arrested in a transverse direction or, what 
is more frequent, an embolus lodges at the point of bifurcation of an 
artery, and, technically expressed, ‘‘rides*' upon this point Riding 
emboli are always smaller (they may be longer, but not tliicker) 
than the vessel lumen in front of the point of bifurcation; conse- 
quently, the branches are usually not completely occluded. If one 
branch is completely obstructed by a riding embolus, the lumen of the 
other is usually only narrowed. (Fig. 16.) 



Fig. 16. — Multiple embolism of the arteries at the base of the brain, 
riding embolus at the point of bifurcation of the basilar artery into both art 
profundae cerebri ; riding embolus at the point of bifurcation of a branch 
of the art. fossae Sylvii sinistrae; occluding embolus of the art. communi- 
cans post, sinistra; o-, narrowing thrombus supported by the riding embolus 
ri; 0^, embolism of the art. fossae Sylvii dextrae held fast at the point of 
origin of a branch ; o*, occluding embolus behind o^, compressed and there- 
fore folded. Natural size. Art. basil, and art. fossae Sylvii dextrae arc cut 
open. (After Langerhans.) 

Thi.s mechanic effect is exerted by all larger infectious emboli, in 
addition to their infectious properties; in very small emboli, on the 
other hand, it is absent. 

The immediate results are local anemia, or ischemia, and 
collateral hyperemia. In complete occlusion stasis of the 
blood beyond the embolus occurs, because the differences in pressure 
suddenly cease. Besides, the arteries usually contract and empty them- 
selves. If the vessel lumen is only narrowed (with regard only to 
arteries), the blood-pressure in the branches in front of the obstruction 
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is increased (hence, here collateral hyperemia develops), while beyond 
the embolus it is diminished (owing to the obstruction). The latter 
area receives less blood, iu\, is more or less anemic. 

The further results depend upon the size of the embolus 
and the vascular supply of the organ. The smallest emboli 
produce capillary embolism; they produce no local phenom- 
ena, because the capillaries everywhere possess numerous anastomoses; 
the occluded capillaries are simply shut off from the circulation. Under 
certain circumstances, however, capillary embolism may lead to serious 
consequences — to functional and nutritive disturbances — namely, when 
a sufficient number of capillaries to affect a considerable or large por- 
tion of the total diameter of a vascular area are occluded at the same 



Fig. 17. — Schema of vascular branches with anastomoses. (After Smaus.) 

time. This may occur, for example, in fat embolism of the lungs, and 
then has alx)ut the same effect as when larger branches of the pulmonary 
arteries are occluded; since in both instances too large a portion of the 
respiratory surface is rendered functionless and, therefore, the function 
of the lungs is entirely interrupted; in consequence of this, death occurs 
under phenomena of suffocation. 

In other cases a locally somewhat circumscribed, but large number 
of neighboring capillaries may be occluded by shattering of a friable 
thrombus at the point of bifurcation of an artery and entrance of the 
smaller fragments into the capillary area. Here, also, local (functional 
or nutritive) disturbances of the tissues are the result of the circulatory 
disturbances. 

In occlusion of arteries very much depends upon whether anas- 
tomoses are present beyond the occluded point or not. Numerous anas- 
tomoses, such as exist in the thyroid, the tongue, etc., render possible 
an equalization of the circulatory disturbance, so that only a short por- 
tion of an artery is shut off from the circulation {e,g., at the base of 
the brain in front of or within the circle of Willis). For example, if 
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an arterial branch is occluded by an embolus, the flow of blood into the 
area supplied by its branches ceases. Collateral hyperemia develops in 
the adjacent vessels, and if abundant anastomoses exist between the 
various vascular branches, at least the capillaries (see Fig. 17), the 
blood flows from the side into the occluded area, the primary anemia is 
followed by hyperemia, which gradually is replaced by equalization of 
the circulation. If, however, anastomoses are scanty or absent, i.e., if 
the arteries are so-called terminal (end) arteries (see Fig, 18) in the 
sense of Cohnheim (c.g,, beyond the circle of Willis), occlusion of an 
artery by an embolus causes sudden interruption of nutrition in the 
capillary area belonging to it, and therewith also sudden abolition of 
function. When an embolus only narrows the lumen of such a ter- 



Fig. 18 . — Schema of arteries with few anastomoses; so-callcd end-arteries. 

niinal artery, i.c., does not completely occlude it, a corresponding, more 
or less marked interference of nutrition and function results. 

Even when a sufficient number of anastomoses are present, nutri- 
tive and functional disturbances may occur if several adjacent arteries 
are simultaneously or successively occluded. 

According to Cohnheim, the lungs, brain, kidneys, spleen, and retina 
belong to those organs which are provided with terminal arteries. In 
the so-called terminal arteries there is, first, stasis of the blood-current 
behind the occluded point; the blood-pressure in the capillaries sinks to 
zero, blood flows in from the collaterals, and, if the blood-current in the 
veins is preserved by aid of the usually very numerous venous anas- 
tomoses, a reversed flow probably occurs also from the veins to the 
capillaries, because the pressure in the latter is less than in the veins.^ 
The capillaries and the smaller veins thus become turgid with blood; 
from these such an active diapedesis^ takes place as a result of inter- 

1 This view is denied by some authorities, who hold that the blood is conveyed 
by the capillaries from collaterals. 

2 Compare Hemorrhage, p. 56. 
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ruption of the circulation that the whole region belonging to the occluded 
vessel appears engorged with blood: infarcted.^ According to Virchow, 
this infarction is accompanied by phenomena of inflammation: hem- 
orrhagic inflammation. 

Arteries possessing so few anastomoses that they do not under 
certain circumstances convey sufficient blood for nutrition are called 
terminal arteries ( Cohnheim ) . To such belong the arteries 
of the brain, liver, spleen, and kidneys. In other organs abundant 
anastomoses are present which, however, under certain conditions, may 
likewise be insufficient, as in the lungs, heart, and gastrointestinal canal. 
They are called ‘‘functional terminal arteries.'' In or- 
gans provided witli arteries possessing very abundant anastomoses, 
especially such as are suj)plied by two or more large trunks, infarcts 
are very rare. The foci of softening in the brain are always 
anemic; while small capillary apoplexies often occur at their mar- 
gins, typical hemorrhagic infarcts are very rare. Infarcts of the 
kidney also are usually anemic and generally hemorrhagic only when 
they occur in localities where a capsular artery enters the renal 
tissue, because this then furnishes a strong collateral supply of blood. 
White infarcts bccur also in the retina after occlusion of the cen- 
tral artery of the retina. In the stomach and intestinal canal, where 
abundant anastomoses of the small branches are present, the foci are 
usually hemorrhagic. For the same reason, embolic infarction, as a 
rule, develops in the stomach and intestines only on occlusion of the 
chief arterial trunks. In the spleen sometimes hemorrhagic, some- 
times anemic, infarcts occur. In the lungs, where the pulmonary 
arteries possess capillary anastomoses not only with the branches of 
the bronchial and pleural arteries, but also communicate freely with 
each other by extraordinarily abundant and wide capillary anastomoses, 
infarction scarcely ever occurs under normal conditions. Such occurs 
almost only in lungs in which the tissues are altered by chronic con- 
gestion, whereby the congestion in the veins aids in retarding the out- 
flow of the blood from the infarcted area, and the capillaries are disposed 
to hemorrhage. Infarct is rare in the liver. 

As the vessels generally branch dendriticly, the region of an hemor- 
rhagic infarct has a pyramidal form — on incision a wedge-shaped form — 
the apex of which is always directed toward the hilus of the organ. 
Within the infarct all movement of the blood ceases, and, consequently, 
nutrition also is arrested; the affected tissue area (kidney, spleen, 
intestine, lung) dies. 

* Infarct: from inf arcire : to stuff. 



90 


EMBOLISM. 


In the brain the dead part is softened (cerebral softening, encephalomalacia ) ; 
it disintegrates and is variously colored: whitish or reddened by blood, brownish, 
yellowish, or yellowish white from fatty degeneration. In the extremities the part 
rendered necrotic by embolism becomes gangrenous; gangrene of the toes is 
observed with especial frequency after embolism of the popliteal artery. In the 
spleen, kidney, heart muscle the necrotic part may remain anemic (anemic 
necrosis, white infarct); on section it is yellowish gray, dry, and of 
firm consistency, which is explained, on the one hand, by abstraction of water, and, 
on the other, by coagulation processes within the dead tissues (coagulation necrosis : 
necrosis plus subsequent coagulation). If the necrotic focus is wedge-shaped, it is 
called fibrin wedge, owing to the resemblance of the dry, yellow-gray cut 
surface to coagulated fibrin. 

At first every hemorrhagic infarct is blackish reel in color, very 
dense and firm in consistency, and on incision has a quite uniform, 
smooth, somewhat dry surface. Later, decoloration gradually occurs 
by solution of the red blood-corpuscles; the infarct becomes paler, 
assumes a yellowish color ( so-called fibrin wedge, anemic or 
white infarct), and contracts more and more, partial organiza- 
tion taking place from the periphery as a result of a reactive inflam- 
mation, so that, finally, a very much smaller cicatrix, which sometimes 
is pigmented and retracted on the surface, occupies the site of the 
hemorrhagic infarct. 

The name *‘anerHic infarct'' is applied to primarily pale anemic foci as well as 
to those which originally were rich in blood and later became bloodless. Very 
many conditions are designated as “infarct,'* and the true meaning of the word is 
not always considered. There are hemorrhagic and anemic-necrotic infarcts; 
concrement infarcts (occlusion of tubuli wdth concrements, e,g,, in the 
kidney tubules in uric acid infarct); placental infarcts (necrotic foci in 
the placenta; embolism does not exist. The name “infarct” has been chosen because 
of macroscopic resemblance to infarct and the coexistent necrosis). The so-called 
splenic infarcts observed in leukemia are not due to embolism. Here are 
present yellow-gray foci which resemble genuine, i.e,, embolic anemic infarcts. 
Uterine infarct is not due to embolism, nor is necrosis present ; uterus infarct 
signifies chronic fibrous metritis. Pulmonary hemorrhagic infarct is accompanied by 
hemoptoe and therefore is called also hemoptoeic pulmonary infarct. 

Hemorrhagic infarction is usually most markedly developed in tlie 
lungs and spleen ; in the brain (here rarely red, more frequently anemic, 
yellow softening in embolism) and kidneys^ it is inconstant. The opin- 
ions why infarction is not the invariable result are greatly at variance; 
experimental observations (Litten) speak in favor of the view that 

J Large renal infarcts always have a large yellow center, which is anemic and 
in a state of fatty metamorphosis, and a comparatively small periphery, which is 
hemorrhagicly infarcted. The fatty metamorphosis in the yellow, anemic parts 
begins as early as two hours after (experimental) occlusion of the renal artery. 
In experimental cerebral embolism also fat may be seen to occur in the neuroglia 
cells, even after two hours. 
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hemorrhagic infarction occurs only in localities where anastomoses, 
although present, are insufficient for the establishment of complete col- 
lateral circulation. More recent experimental investigations have shown 
that in the lungs also occlusion of a vessel does not suffice to produce 
infarction. Infarction occurred only when embolism was produced at 
two points behind each other in one vascular area. 

In embolism of the large vascular trunks of the extremities, stasis, 
terminating in gangrene and mummification, occurs because there are 
insufficient anastomoses for the large trunks. Embolism of the large 
mesenteric arteries likewise causes stasis; this, is invariably followed by 
intense free hemorrhage by diapedesis; when death occurs, no signs of 
gangrene are found. When infarction does not take place, the greater 
part of the tissues (in the brain, the neuroglia cells; in the kidneys and 
the heart, the parenchyma and stroma) die by necrobiosis, as the result 
of retrograde fatty metamorphosis. 

As regards the size of the emboli, it is further to be noted 
that, as a rule, the sequelae are the more unfavorable the larger the 
emboli, Le., the larger the occluded arteries (so far as they do not pos- 
sess sufficient anastomoses). Occlusion of the principal vessels of the 
organs may suddenly render the latter fiinctionless, while occlusion of 
smaller branches renders functionles> only a portion of the organ cor- 
responding to the size of the vessel. For example, embolism of the 
central artery of the retina produces amaurosis; embolism of smaller 
branches, corresponding visual defects; embolism of the large arterial 
trunks of the lungs, pulmonary apoplexy (death under signs of as- 
phyxia) ; embolism of smaller pulmonary arteries also produces pul- 
monary apoplexy if many branches are occluded simultaneously; other- 
wise, corresponding hemorrhagic infarction with bloody expectoration 
and temporary embarrassment of respiration. 

The functional disturbances also arc of very variable significance 
according to the vital importance of the organs. In paired 
organs (aside from the organs of sense) embolism of one organ is usu- 
ally compensated by increased function of the other, without the indi- 
vidual in question necessarily experiencing any marked suffering. In 
all remaining organs the results are generally the more severe the less 
the function of the organs or individual parts of them, in so far as the 
preservation of life is concerned, can be dispensed with. Consequently, 
embolism of the so-called vital organs (brain, heart, lungs) frequently 
causes death (suddenly in embolism of the principal vessels: cerebral 
apoplexy, cardiac apoplexy, pulmonary apoplexy), or very severe func- 
tional disturbances (paralyses, pareses, aphasia, etc.), while embolism 
of the central artery of the retina causes blindness; embolism of the 
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femoral artery, paralysis or paresis of the leg with subsequent gangrene; 
embolism of the splenic arteries, infarction of the spleen, whereby in 
no instance is the continuance of life directly endangered. 

Numerous observations have shown that arterial embolism at the 
point where the embolus is arrested may result in the formation 
of an aneurism. As, however, the development of aneurism in 
connection with embolism is observed only in isolated cases, i.c., this 
change is not a constant phenomenon, further investigations must decide 
under what conditions aneurism develops after embolism. 

As has already been stated, infectious emboli induce metastatic 
affections (metastatic abscesses, tumor metastases, etc.). Bland, non- 
infectious emboli also produce, aside from nutritive and functional dis- 
turbances of organs, local alterations of the vessel walls, 
which are due essentially to the fact that tlie embolus, like a foreign 
body, stimulates the adjacent vessel wall, exciting in it a progressive 
formative proliferation wdiich secondarily penetrates into the embolus, 
at first producing a readily separable adhesion between the wall and the 
embolus, later leading to firm union, and, finally, ending in complete 
organization of the embolus. 

On the other hand, an embolus may be subjected to the same 
retrograde changes as a thrombus (c/.f.). Also, second- 
ary thrombosis may develop in connection with an embolus, in 
that, as in a continuous thrombus, new coagula arc deposited upon the 
embolus from the circulating blood. 

The symptoms of embolism of external visible 
parts (extremities) consist, during life, at first of cadav- 
eric paleness, coldness, and functional disturbances 
of the muscles (paralysis or paresis) and of the nerves (anesthesia) ; 
in embolism of internal parts only functional disturb- 
ances are perceptible. 

In sudden occurrence of death the phenomena in the ca- 
daver are so slight that they readily may be overlooked; for, as a 
rule, only the embolus which occluded the vessel is found, and no 
secondary phenomena (occasionally there is distinct anemia in the 
brain). Usually, secondary manifestations are observable only when 
life has continued for .some time after arrest of the embolus. Then the 
changes are those previously described, according to the duration of life, 
the size and composition of the embolus, and the vascular supply of the 
affected parts. 
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METASTASIS. 

By metastasis was formerly understood the transfer of a dis- 
ease in the sense of transfer of office. It was assumed that the 
disease changed its location, abandoned its old site, and appeared 
in a new place. At present, by metastasis is understood the appearance 
of any substance at a point distantly remote from its original location, 
without the substance from which it was derived necessarily disappear- 
ing from the original site. The process is always one of transportation 
of substances from one locality to another. Wdierever these substances 
are arrested, they cause various effects according to their chemic and 
physic properties. The routes through which the transport chiefly takes 
place are the cliannels of the circulating fluids, namely, the blood- and 
lymphatic vessels. 

Different groups of metastases are generally differentiated: — 

1. Embolic metastases, namely, arterial and capillary. 

If the emboli are sufficiently large to be recognized by the naked 
eye, the seat of metastasis is always the arterial area or the ramifica- 
tions of the portal vein. The emboli may consist of dislodged fragments 
of thrombi (especially infectious), tissue detritus in malignant 

ulcerative endocarditis), fragments of tumors f which, for example, have 
grown into the lumen of veins and been detached by the blood-current), 
and of foreign bodies, especially entozoa (Scliistosomum hicmatobuim, 
echinococcus, perhaps also cysticercus and others). 

In capillary embolism the emboli are either very small, macro- 
scopicly invisible particles, c.r/.. single ccll>. pigment clumps (pulmo- 
nary carbon, which frequently is transported to the spleen and liver in 
pleuritic adhesions and alveolar pulmonary emphysema), disintegration 
products, liquid substances, or gases which do not mix with the blood: 
oil and air. 

2. The second group includes firm particles which are smaller than 
capillaries, i.c., too small to produce embolic processes. These are prin- 
cii)ally infectious agents: vegetable micro-organisms and protozoa (the 
latter produce, i\g,, in dysentery, metastatic abscesses of the liver) ; fur- 
ther, tumor-cells (which, c.g., are arrested in the liver and lymphatic 
glands) and pigments (in tattooing: in lymph-glands, after they have 
passed the lymphatic capillaries). 

Swelling of the lymphatic apparatus in infectious diseases, espe- 
cially spleen tumor, belongs here. The spleen (and similarly 
the lymph-glands) forms a filter even for such bodies which easily 
pass the capillaries and, therefore, retains infectious germs. These, then, 
manifest their effects in the spleen (or the lymphatic glands). 
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There is no doubt that the innermost cellular layer of the vessels — 
the so-called endothelium— of ten plays an important role here ; especially 
in metastases caused by micro-organisms — e.g,, in acute miliary tuber- 
culosis — ^arrest of the bacteria circulating in the blood appears to take 
place through the cells. 

3. To the third group belong substances which circulate dis- 
solved in the blood until they are deposited in a solid form at cer- 
tain points of predilection. The best-known example is icterus. 
The bile-coloring matter is transported to other portions of the body 
by aid of the circulating blood, and there (in the intima of the vessels, 
in the conjunctiva, skin, kidneys, etc.) deposited as diffuse, rarely as 
crystalline, bile-pigment ; the nerves and cartilages generally do not take 
up bile-coloring matter even in marked degrees of general icterus. 

Lime metastases originate frequently during absorption of large 
bone masses ( lime-salts) and coincident disturbance of excretion through 
disturbance of renal function. Points of predilection for lime deposits 
are the kidneys (in almost every cadaver, lime is found in this locality), 
indurations, thrombi, old adhesions; in rarer instances in the lungs, 
stomach, dead feti (lithopcrdioH)^ lymphatic glands. 

Silver metastases, which produce an irreparable dark coloration 
of the external skin (argyria), are the result of long-continued thera- 
peutic use of silver-salts. The silver is deposited in the form of finely 
granular, black silver compounds in the connective-tissue spaces of the 
various organs: in the intima of the large vessels, in the adventitia of 
the small arteries, in the papillary layer of the skin, in the stratum 
mucosum of the epidermis, in the intestinal villi and sweat-glands, and 
in the cortex of the kidney, especially in the tunica propria of the renal 
tubuli and the walls of the glomerular capillaries. The black granules 
are soluble in potassium cyanide, and, therefore, cannot be reduced 
silver. Perhaps they are transformation products of a silver albuminate. 
The mode of the process, in which the silver deposits are never observed 
in the tissue-cells, is still obscure. 

In gout acid sodium urate is deposited from the blood in crystal- 
line form in the kidneys and various j>oorly vascularized parts of the 
body (c.g., cartilage, ligaments, tendons, tendon-sheaths, and in rare 
instances in the synovialis). (See Autointoxication.) 

It is not always possible accurately to determine the route of 
metastasis formation. This is true especially in many tumor metas- 
tases which do not correspond to the direction of the current of either 
the blood- or lymph- stream. Von Recklinghausen has shown that the 
transport may take place also in a direction opposite (centrifugal) to 
the blood- or lymph- current: under certain conditions this is favored 
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by circulatory disturbances {e.g., congestion with slowing of the cur- 
rent); further, by reversal of the current (e.y., in thrombosis, in occlu- 
sion of lymph-channels by tumors), and, finally, by the gravity of the 
transported substances themselves, in that these, following their own 
gravity and without regard to the current, fall backward within the 
sluggish marginal zone; retrograde transport. 

A peculiar mode of metastasis not infrequently is observed in the 

serous membranes. For example, in gastric carcinoma innumerable 

small metastases sometimes occur in the peritoneum, just as if seed had 
been strewn over the whole surface (as in sowing). Owing to this 
similarity, this form of metastasis is designated as dissemina- 
tion. As the metastases are most numerous in the more deeply 
situated parts and in folds, i,r., at points where particles most readily 

can be retained, it is assumed that dissemination depends upon disper- 

sion of tumor-cells. 


HYDROPS, OR DROPSY. 

Dropsy, or hydrops, is the local accumulation of 
watery liquids separated from the circulating fluids. In a re- 
stricted sense, hydrops is accumulation of fluid in pre-existing cavities 
(r.r;., hydrothorax, hydropericardium, etc.); infiltrating hydrops, i.r., 
uniform distention of the tissue spaces with fluid, is designated as 
edema. I'ormerly the term dropsy waN employed in a broader 
sense than is now’ customary, and by it wms understood any accu- 
mulation of watery fluids regardless of how the accumulation 
took place. Consequently, many conditions are still designated as drop- 
sies which, strictly speaking, must be excluded from true dropsy. For 
example, the designation: hydrops cysticus fcllecc, h\drops processsus 
vermiformis, hydrosaipin.w hydronephrosis, hydrops renum, hydrops 
uteri, hydrops cysticus multilocularis ovarii are everywhere encountered. 
As in all these instances the condition is not a true hydrops, i,c., transu- 
dation of watery liquid as such from the circulating fluids, and as the 
terms have become so firmly established, these so-called hydropsies are 
designated as hydropes spurii, in contradistinction to hydrops verus or 
dropsy in a strict sense. 

In every true hydrops, therefore, the w’atery liquid is tran- 
J^uded as such from the circulating fluids. The locality of tran- 
ssudation is the capillary area. The transudate occurs either in 
the tissues or in the cavities of the body. In the first instance 
the process is an hydropsic infiltration; in the second it is 
a free effusion upon the free surface, i.c,, a so-called free hydrops. 
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More or less all soft, distensible tissues (not bone, cartilage, teeth) 
may be involved in hydropsic infiltration, but usually tlie 
loose (areolar) connective tissue is first affected; next the adipose tis- 
sue, the musculature, the brain, the liver, etc. The affected tissues 
become swollen : edema ( otSaoi — - to swell ) , hydrops, anasarca ( 

— through, and flesh) is produced. 

There are especial designations for free hydrops according 
to the place of occurrence: hydrothorax = dropsy of the chest (in 
the pleural cavities); hydropericardium — dropsy of the heart sac; 
ascites ( oo-jctTiys )= abdominal dropsy; hydrocele ( vSpoKyXrf )— dropsy 
of the scrotum; hydrocephalus ( ) —dropsy of the head, water 

on the brain; hydrarthros ( —joint) — dropsy of the joints; 
hydrophthalmus = dropsy of the eye. 

The watery effusion upon the free surface of the lungs. i.c„ into 
the air-containing pulmonary alveoli, is designated as p u 1 m o n a r y 
edema, because in this case the process is not an accumulation within 
a closed cavity. 

The effused watery fluid does not always have the same compo- 
sition. Therefore, three forms are differentiated : — 

1. Hydrops aqxiosus (most resembles water). 

2. Hydrops lymphaticus (because of its resemblance to lymph). 

3. Hydrops chylosus (has the appearance of chyle; originates as 
a result of obstruction or laceration of the thoracic duct, or of throm- 
bosis of the subclavian vein, into which the thoracic duct empties). 

All three are distinguished by their chemic composition and mode 
of origin. 

The freshly discharged fluid of hydrops aquosns an<l of hydrops 
lymphaticus has the appearance of clear water; the fluid of hydrops 
chylosus has the appearance of chyle or of very dilute milk; hence, 
the designation hydrops lactcus. This is due to the presence of a 
great amount of fat in minutest subdivision (emulsion). Hydrops 
aquosus and lymphaticus differ in so far as the former is not altered 
on standing (after evacuation) and on contact with the air; hydrops 
lymphaticus, on the other hand, like lymph, separates soft, transparent, 
gelatinoid coagula which consist of fibrinogen substance. In other words, 
the coagulable fibrinogen substance is lacking in hydrops aquosus. 

The constituents of hydropsic fluids^ are: — 

1 The liquor sanguinis (blood-plasma) consists of : — 

Fibrin (which coagulates), 

! Water, 

isriiS"””’ 

Extractive matters. 

With intact vessel wall there may escape and form effusions : — 
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1. Water. 

2. Albumin; pure albumin or sodium albuminate, up to about 30 
per cent, of the albumin content of the blood-serum.2 

3. Extractive substances: coloring matters, urates, etc. 

4. Fats; accidental admixtures which frequently do not originate 
until a later stage, after long standing by fatty metamorphosis of cells 
(epithelia, indifferent round cells') as fluid or firm fat, often as disin- 
tegration products of the same (cholesterin). 

5. Salts: sodium and potassium salts, especially sodium chloride; 
lime and magnesia salts; the latter are dependent upon the albumin 
content; phosphates, sulphates, and carbonates. 

6. Fibrin ferment and fibrinogen substance; it forms soft, gela- 
tinoid, transparent coagula. 

On comparing the constituents of hydropsies with the liquor san- 
guinis, it is at once noted that hydropsic fluid lacks fibrin, i.r.* that 
hydrops and liquor sanguinis are not i<lentic. In general, the constit- 
uents of hydropsic fluids correspond more to the blood-serum {liquor 
sanguinis minus fibrin) ; they are not. however, identic with the blood- 
serum, for in every hydrops the water content is greater, the albumin 
content consirlerably less, than the blood-serum. Therefore, it is incor- 
rect to designate hydropsic fluid simply as serum or serous fluid. In 
hydrops serum does not pass through the capillary walls, but a fluid 
whicli resemldes serum only as regards its salt content. Hence, in 
hydrops the process is not simply mechanic — a simple filtration — for 
otherwise the transuded fluid would correspond in composition to that 
of the liquor sanguinis. Apparently, in the passage of hydropsic fluid 
through the living cell layer (capillary wall) the latter and its relation 
to the circulating blood — the molecular attraction between the blood and 
the vessel wall — play an imj)ortant role, the vessel wall permitting only 
certain parts (the dissolved substances) to transude and retaining others 
(fibrin, etc.). 


1. Water 4- salts = pure watery transudate. 

2. Water -f salts -f serum -albumin = watery transudate : not serous, because 

only a part of the serum-albumin escapes. 

3. Water 4- salts -f serum-albumin 4- fibrinogen substance (coagulates only 

on contact with the air) ~ lymphatic exudate {hydrops lymphaiicus) . 

4. Water 4* salts 4“ serum-albumin + fibrin (coagtilates) = fibrinous exudate. 

5. Red blood-corpuscles == hemorrhagic product (extravasate) . 

6. Colorless blood-corpuscles which migrate independently, but are not 

mechanically forced out (emigration). 

1 and 2 form the constituents of the ordinary dropsies. 

3 to 6 are exuded in inflammatory processes, 

^ While the blood-plasma contains about 8 to 10 per cent albumin, transudates 
se ldom contain more than 0.5 to 2.0 per cent. In hydremic states the transudate is 
poorer in albumin. 

T 
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The differentiation of serous exudate from congestion transudate* 
if,, serous pleuritis from hydrothorax, serous peritonitis from ascites, etc., may be 
very difficult, since both processes merge into each other, and serous inflammatory 
effusions may develop from transudates. Clouding of the fluids and admixture of 
fine flocculi and colloid coagula by no means demonstrate or prove, particularly in 
cadaveric material, the inflammatory nature of the effusion; because the clouding 
may be caused by post-mortem dislodgment or even intra vitam desquamation of 
cells from serous coverings. Fibrin coagula also form in transudates. In doubtful 
cases decisive points are : 1. The state of the affected serous membrane : fine 

cloudings, marked injection of the capillaries speak in favor of inflammation. 2. 
Microscopic examination: in presence of a large number of leucocytes a serous 
inflammation may always be considered. 

Among free hydropsies hydrocele fluid contains the greatest amount 
of fibrinogen substance. 

Hydrocephalic fluid contains only a small amount of albumin; its 
salt content is nearer that of the blood-corpuscles than that of the serum. 

Ascitic and edema fluids of the arachnoid contain little albumin;^ 
their ratio of potassium to sodium nearly equals that of blood-serum 
(2.8:40.0). 

The cause of hydrops, i.c., of the transudation of 
the watery fluid, is increase of blood-press ur e — augmenta- 
tion of the lateral pressure up to a certain degree. This increased 
pressure adapts the capillary wall for the transudation of watery fluids. 

Increase of blood-pressure occurs in . — 

1. Hyperemia, especially when this affects parts the vessels of 
which are in a state of mild nutritive disturbance, or when heart weak- 
ness coexists (thus, collateral hyperemia of the lungs in pneumonia and 
in beginning cardiac weakness produces pulmonary edema). 

2. Passive congestion. This produces hydrops only from a certain 
degree of lateral pressure onward. In general passive congestion (from 
valvular lesions, pulmonary emphysema, hepatic cirrhosis, etc.) general 
hydrops also develops; in local congestion (from ligature, thrombosis, 
tumors, pregnancy, large exudates, etc.) corresponding local hydrops 
develops. 

The increase of blood-pressure may be comparatively slight and 
still produce hydrops, if hydremia coexists (c.g,, in albuminuria 
through loss of albumin (hypalbuminosis of the blood], and in marasmus 


^ The following table from Halliburton, after Gorup-Besanez, shows the 
percentage of proteids in the liquids of the body:- 


Cerebrospinal fluid 0,09 

Aqueous humor 0.14 

Liquor amnii 070 

Intestinal juice 0.95 

Pericardial fluid 2.36 

Lymph 2.46 


Pancreatic juice 3,33 

Synovia 3*91 

Milk 3.94 

Chyle 4.09 

Blood * . . . 4 . . 8*56 
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from tuberculosis, carcinoma, bone suppuration, hemorrhages [in ma- 
rantic hydremia]). Hydremia^ alone does not produce dropsy; the 
hydremic state of the blood, however, increases filtration of the watery 
constituents or the disposition thereto as a result of altered molecular 
attraction between the blood and vessel wall. Hence, in hydremic sub- 
jects a slight increase of blood-pressure suffices to produce dropsy 
(cachectic hydrops). When, as is so frequent in hydremic 
individuals, this dropsy quickly disappears, the process is designated 
as (edema fugax. 

In the sick, convalescents, and chlorotics (with cardiac weakness), 
long standing, like hydremia, favors the development of hydrops gravi- 
tativus in consequence of hypostatic congestion. 

Hydrops is sometimes observed in paralyzed limbs, owing to varia- 
tions of blood-pressure: so-called hydrops paralyticus. 

The observation that edema frequently disappears after a time 
teaches that there must be means and routes by which the transuded 
hydropsic fluid can be removed. These routes are the lymph-channels. 
The latter possess regulatory properties in so far as they 
carry off the transuded watery fluids, and by augmented and at the 
same time increased rapidity of flow in the lymph-vessels prevent — in 
unobstructed outflow — the occurrence of true dropsy. So long, there- 
fore, as there is no disproportion between transudation from the capil- 
laries and absorption through the lymph-vessels, true hydrops does not 
develop. As soon, however, as the watery transudation in proportion 
to the capacity of the lymph-vessels is too great, all the fluid is not 
removed; a part remains in loco, accumulates with time, and dropsy 
becomes manifest. 

In more marked hydrops all participating lymph-vessels become 
larger and wider ; as a result of the increased pressure under which the 
transuded fluid incessantly flows into the lymph-channels, permanent 
ectasis develops. The latter is associated with relaxation of the wall, 
diminution of elasticity, and loss of motive force. The corresponding 
lymph-glands {e,g., inguinal, iliac, lumbar in edema of the lower extremi- 
ties) also gradually become larger. 

Lymphatic hydrops owes its content of fibrinogen substance prob- 
ably to active participation of those cells located in the region of the 
radicles of the involved lymph-vessels. This active participation often 
develops insidiously, but sometimes it is accompanied by inflammatory 
phenomena, such as hyperemic redness, pain, heat, mild fever, and greater 
firmness and hardness of the affected parts. This is the case, for exam- 
ple, in phlegmasia^ alba dolens, that painful edema which develops 


1 mucus. 
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so frequently in the puerperium in thrombosis of the femoral vein. 
Owing to these more or less distinct inflammatory phenomena, lymphatic 
hydrops has been designated also as hydrops calidus sen inflammatorhis, 
and, in contradistinction thereto, hydrops aquostis is named hydrops 
frigidus. 

Lymphatic hydrothorax begins with inflammatory phenomena of 
the pleura; lymphatic hydrocele and lymphatic hydarthros begin with 
inflammatory phenomena of the tunica vaginalis and syno7^ialis, respect- 
ively. 

Lymphatic edema is associated wdth inflammatory, painful swelling 
of the lymph-glands, sometimes with inflammation of the lymph-vessels. 
From lymphatic edema there are quite imperceptible transitions to ery- 
sipelas. Likewise, edema of the glottis is a lymphatic edema which, in 
its advent and course, very strongly resembles eiy^sipelas; hence, it is 
named also laryngitis crysipclaiodcs. In this condition an acute inflam- 
matory, hydropsic tumefaction of the aryepiglottic ligament, the epiglottis, 
and of the upper, so-called false, vocal cords is observed. The true 
vocal cords, owing to their tense and hard consistency, are but sliglitly, 
or not at all, involved. 

The differences betwen true erysipelas and lymphatic edema are, 
that the latter is always a deep-extending process which is local and 
stationary, generally manifests no disposition to form vesicles, progresses 
with slight elevation of temperature, and causes only moderate general 
disturbance. 

Both forms — hydrops lymphaticus and hydrops aquosus — may be 
acute or chronic. The chronic form is, in general, the more unfavorable 
from a prognostic standpoint, because severe local or genefal disturb- 
ances usually coexist. The acute form more frequently corresponds to 
hydrops calidus. 

The symptoms of free hydrops consist, first, in dis- 
tention of the body cavities by local accumulation of fluid. The 
distention causes more or less tense fullness and tension. The 
parts first and most markedly compre^sed and distended are those which 
are softest and least resistant: for example, in ascites, the anterior 
abdominal wall. The more rapidly the fluid is effu.sed and the more 
it accumulates locally, the greater the tension of the walls and 
the harder the hydropsic part on palpation (a hydrocele often is very 
tense, firm, even hard in consistency). When the tension is less, 
fluctuation and undulation may be elicited on percussion. 
The movement caused by percussion is transmitted throughout the whole 
hydrops like a wave movement. Sometimes several successive wave 
movements are distinctly perceptible 
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Changes in position of the organs (heart, lungs, intestines, etc.) 
contained in the hydropsic sac frequently occur, the movable, soft, and 
yielding parts being greatly pulled upon, dislocated, and com- 
pressed. In ascites the diaphragm is pushed upward and the in- 
testines float upon the water. In hydrothorax the lungs at first retract, 
owing to their great elasticity ; in marked effusion, however, compres- 
sion of the lungs floating upon the water finally takes place, and they 
become atelectatic (compression-atelectasis is associated with anemia, 
because the vessels also are compressed). 

Traction and compression are generally followed by func- 
tional disturbances, and, after a time, also by nutritive 
disturbances — a t r o p h y — wdiich, under certain conditions, may 
advance so far as finally to cause almost complete disappearance of 
the organs. 1'hus, the ])rain atrophies in chronic internal hydrocephalus; 
.the lungs in severe hydrothorax; in chronic ascites, the liver, omentum, 
and even the anterior abdominal wall, all layers of the latter becoming 
thin, flabby, and wrinkled, llydrophthalmos produces atrophic thinning 
of the sclera and cornea, and under certain conditions hydrocele causes 
even complete disappearance of the testis. 

Hydropsic infiltration also, at first, ])roduces swelling — an increase 
in volume — by accumulation of watery fluid. The swelling can be dis- 
placed by pressure, the fluid generally being quite readily pressed aside. 
Hence, pressure with the finger produces the characteristic “pit” 
or “dimple’* — a flat indentation which remains for a short time 
after removal of the finger, and then gradually disappears. 

Edematous parts have a translucent, puffy appear- 
ance, doughy c o n s i s t e n c y , and are anemic as tlie result 
of pressure upon the vessels. In more marked eilema of long duration, 
atrophy of the adi]M)se tissue occurs, large cavities and fis- 
sures filled with fluid forming within the connective tissue. When the 
connective-tissue parts are thus greatly puslied apart, whereby small 
liemorrhages are not infrequent, longer or shorter lines — the well-known 
strict cutanccc ^ — develop in the skin as the result of separation of 
continuity. 

The lumen of canals of the aditiis pJiaryngis ad laryngem, 

the rhna glottidis) may be so narrowed as the result of more or 
less intense hydropsic sw^elling that obstniction, a sort of closure (e.g., 
by edema of the glottis), occurs. 

Tactile disturbances sometimes occur in hydropsies as a result 
of the ten.sion and pressure, especially in liydropsies accompanied by 

1 These do not differ from the striae observed upon the abdomen as the result 
‘^f pregnancy. 
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inflammatory irritation, as, for example, in phlegmasia alba doletts; less 
often in other cases; for example, in ordinary circummalleolar edema, 
in which there is almost no subjective sensation. 

Ascites is usually associated with disturbances of assimi- 
lation of food, in that the movements of the gastrointestinal canal 
are interfered with and restricted by the pressure of the water, and 
congestion in the portal vein area and a disturbance in the secretion of 
the digestive juices coexist. 

Lymphatic hydrops is distinguished from simple watery (congestive 
and cachectic) hydrops by its marked hardness : a'dcma durum, sclerema 
(e.g., neonatorum). 

The watery fluid of hydrops is incapable of organization; hence, 
hydrops in its further progress can undergo only chemic changes. 
These consist in putrid softening or inspissation. 

Putrid softening occurs only when inflammatory processes super- 
vene as the result of entrance of air or infectious germs (at points of 
puncture, scarification, etc.). As a rule, an erysipelatous state develops, 
which goes on to suppuration and finally to gangrenous disintegration, 
because the tissues are in a state of marked nutritive disturbance, and, 
consequently, incapable of exerting sufficient reactive resistance. Gan- 
grene in hydropsic parts is always the so-called white gangrene, 
which is distinguished from ordinary (black) gangrene not only by its 
color (anemia), but also by the fact that it is usually painless. White 
gangrene is observed principally in the scrotum, upon the labia and the 
extremities, while ordinary black gangrene attacks chiefly points subjected 
to pressure (decubitus). 

In inspissation the watery constituents are absorbed, and firm 
parts, such as cells, extra vasates, and exudates, are secreted from 
the vicinity. The fluid may be clouded and variously colored by these 
secretions. To these are added, by concentration of the fluids, crystals, 
and by retrograde metamorphosis of the cellular parts, fat-droplets and 
cholesterin. Imspissation is always associated with increase, con- 
densation, and induration of the connective tissue, 
e.specially in inflammatory hydrops, so that sclerema, induration, true 
sclerosis develops from cedema durum. These parts are white and 
tendinous on section, very compact and dense in structure, very firm and 
hard in consistency, and are cut with difficulty. The surface is uneven 
(certain parts proliferating, others contracting cicatricially), roughened, 
puckered, nodular, and fissured. The more frequent the antecedent 
inflammatory disturbances, the greater, as a rule, is the enlargement, 
until, finally, marked deformities develop; which have been designated 
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as elephantiasis. The periosteum is always involved, in that it 
proliferates and produces hyperostoses and exostoses. 

On the other hand, hydropsies may disappear by rapid or slow 
removal of the watery fluid (by evaporation, more frequently by ab- 
sorption); the edema of inflamed parts may disappear, for example, 
by elevation and rest until subsidence of the inflammation; the edema 
of phlegmasia alba dolcns by development of collateral channels, etc. 

In other cases death results from dropsy, especially in disturbance 
or interruption of the function of the vital organs by the dropsy, e,g„ 
by hydrocephalus, cerebral edema, edema of the glottis, pulmonary edema, 
hydrothorax, hydropericardium. Death sometimes occurs suddenly : 
apoplcxia serosa; sometimes slowly: in pulmonary edema sometimes 
under phenomena of cerebral compression (sopor, coma, fall of tem- 
l>erature). 

Cachectic dropsy also, finally, causes death by inanition: digestive 
disturbances and deficient nutrition accompanied by enormous emacia- 
tion. 


1 Pulmonary edema may cause sudden death, cjj., in renal disease. 
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General Remarks upon Nutrition. 

Ail vital manifestations of the organs or of their 
constituent elements (the cells') depend upon nutrition, which is 
essential for the preservation of life. When nutrition ceases, death of 
the cells occurs. 

As with the preservation, /.c., the continuance, of life, the func- 
tion of all tissues likewi.se depends upon uninterrupted 
absorjition of nutriment. The process of absorption of nutri- 
ment is designated as endosmosis. This is a chemic process in 
which the cells actively take up from the circulating juices the 
material which they require. The material taken up is con- 
verted into a constituent of the cells, i.c., a s .s i m i 1 a t e d . When, 
for any cause, assimilation does not occur, a foreign material dissimilar 
to the cell-substance is present in the cell-body. This may undergo 
certain modifications through the action of the cell, or it is, after a time, 
given up by the cell. 

Corresponding to absorption there is also continuous elimina- 
tion of substances, principally waste materials. This process 
is called exosmosis. Under certain conditions constituents may 
also be withdrawn from the cells which they, of necessity, require for 
the preservation of life. If compensation by endosmosis does not quickly 
occur, the life of the cell is endangered or even destroyed. 

During life, therefore, all cells are in a state of equilibrium regu- 
lated by endosmosis and exosmosis. Both endosmosis and exosmosis 
are increased during function, and are uninterrupted during the state 
of rest. 

If substances are taken up by the cells without assimilation and 
subsequent elimination, the material taken up may injure the cells, dis- 
turb their function, and even destroy their vitality. This is the case, 
for example, in so-called parenchymatous inflammation and in 

coagulation necrosis. 

If more material than usual is taken up by endosmosis and assimi- 
lated, enlargement of the cell results, and when all cells of an organ 
(104) 
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are involved enlargement of the organ takes place. This increase in 
volume by augmentation of nutrition is designated as hypertrophy.^ 

On the other hand, diminution in the size of the cells or of an organ 
occurs when less nutritive material is taken up and assimilated than is 
consumed and eliminated. This decrease in volume from deficiency of 
nutrition or nutritive disturbances is designated as atrophy.- 

Increase and decrease in the size of cells is not, however, solely 
dependent upon nutrition ; for many cells take up also fat, pigment, 
foreign bodies, which they are unable to assimilate, and are thus enlarged 
in volume. Thus, for exam])le. the liver-cells become larger by taking 
up fat — by fatty infiltration (hence, every fatty liver is enlarged), and 
on elimination of the fat tliey l>ecome smaller. On the other hand, strong 
distention of a fat-cell with fat is a hypertrophic process, because fat 
is the chief and characteristic constituent of the fat-cell. 

In hypertrophy and atrophy the number of cells is not altered. If 
increase in volume of an organ or of a tissue is due to increase in the 
number of cells — i.c., to augmentation of the number of cells — ^the 
process is not hyi^ertrophy, but hyperplasia.'^ This is not a simple 
nutritive process, but a formative process. 

If decrease in volume depends upon diminution of the number of 
cells, the process is one of loss — defect — caused by death of the cells: 
by necrosis or necrobiosis,** 

Loss of cells by necrobio<i^ is designated also as necro biotic 
atrophy. 

Accordingly, it is necessary to <lifFerentiate between : — 

1. Hy]>ertrophy : Increase in volume without increase in the number 
of cells. 

2. Hyperplasia: Increase in volume with augmentation of the num- 
ber of cells. 

3. Atrophy: Diminution in volume without decrease of the number 
of cells (simple atrophy). 

4. Necrobiosis : Diminution in volume with decrease in the number 
of cells (numerical atrophy), and 

5. Necrosis: Death of the cells without alteration of the number. 

Numerical increase sometimes occurs in metaplasia; it then, like 

hyperplasia, belongs to the formative processes. In general, by meta- 
plasia is understood the transformation of one tissue into another 


1 ss over, and *= nutrition. 

^ « priv., and 

® Hyperplasia, from Mp =»= over; irWtt, from irW«rw « to produce, form, 

* Necrosis signifies : death of the cells with preservation of the external form 
(e.fif., bone necrosis); necrobiosis, on the other hand: death of the cells with 
obliteration of the external form (e,g., of the muscles in ankylosis). 
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of the same species, c.g., of fibrous connective tissue into cartilage, carti- 
lage into bone, fibrous connective tissue into adipose tissue. The phys- 
iologic example of this is the normal transformation of the fetal mucous 
tissue into fat-tissue; of periosteum and cartilage into osseous tissue 
(in growth of bones), and of the red bone-marrow of the tubular bones 
of the young into the yellow or fat marrow of adults. Metaplasia 
occurs not only in normal, preformed tissue, but also very extensively 
in pathologic new formations, whether of inflammatory or neoplastic 
origin. 

Wherever one tissue is transformed into another, it is always neces- 
sary to determine whether direct transformation, a true metaplasia, has 
occurred, that is, whether the cells of the original tissue have been im- 
mediately transformed into the cells of the later tissue, for there are 
other instances in which the original tissue dies and a new tissue is 
built up upon its remnants (new formation, neoplasia). This 
process is not metaplasia.^ In the adult tissues the ]x)ssibility of trans- 
formation of one tissue into another is very limited; each individual 
species of tissue preserves its specific character (specificity of the tis- 
sues). Epithelium is not transformed into connective tissue nor con- 
nective tissue into nerve tissue. 

Pathologic metaplasia is of quite frequent occurrence. It is subject, 
however, to certain limitations in so far as transformation of one tissue 
into another is possible only within closely allied tissue. As already 
stated, all highly organized tissues, such as muscle, gland (epithelium), 
and nerve tissue, cannot be transformed into each other. Likewise, no 
transformation occurs between epithelial tissue, on the one hand, and 
the large group of connective-tissue substances on the other. Until quite 
recently it was assumed that connective tissue and epithelium could be 
transformed into each other. This view has now been abandoned. 

Metaplasia is most frequently observed in the group of connective- 
tissue substances, the derivatives of the parablast: fibrous connective 
tissue, adipose tissue, cartilage, bone, endothelium, lymph-gland cells. 
Next to these, epithelium not infrequently undergoes metaplasia. 

The cause of metaplasia cannot be recognized in every case. In 
addition to general and local disturbances of nutrition, the most frequent 
causes are various forms of irritation (mechanic, functional, formative, 
nutritive, inflammatory) acting at the point of metaplasia. 

1 In this respect, the change in the thj^us is quite striking. At first it is an 
epithelial organ; later it is so infiltrated with lymphatic tissue that the epithelium 
disappears except a small remnant (the so-called Hassalfs bodies). Thus, the 
organ which originally was epithelial becomes a lymphatic organ. The transforma- 
tion, however, is not a direct metaplasia of epithelium into lymphatic tissue, but 
the result of death of the epithelium followed by increase of lymphatic tissue. 
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In severe general nutritive disturbances, transformation of adipose 
tissue into colloid tissue and of fat-marrow of the tubular bones into 
colloid marrow is observed. Here the cells gradually lose their fat, 
change from the rounded into more elongated, stellate, and spindle- 
shaped forms, while at the same time a homogeneous, colorless, often 
mucinous, colloid intercellular substance appears. In less severe nutri- 
tive disturbances and with advancing age, gradual diminution in the 
amount of fat-tissue and progressive transformation into connective 
tissue are more frequently seen, especially in the omentum. 

On the other hand, in general disposition to corpulency (obesitas, 
adipositaSf polysarcia), progressive transformation of fibrous connective 


Fig. 19. — Atrophy of muscle with lipomatosis. The muscle-fibers have 
become very sJemler, and between them is an excess of fat. Hardening fluids 
have removed the fat, leaving vacuoles in its place. X 250. (After Smaus,) 

tissue into adiix)sc tissue is observed. This is always associated with 
increase in volume of the parts in which the transrormation occurs, 
owing to local accumulation of fat. IVobably, at least in the higher 
degrees, there is also an increase in the number of cells, for in many 
localities the number of adipose-tissue cells often exceeds the number 
of fibrous connective-tissue cells normal to the part. These higher 
degrees of polysarcia cause progressive transformation of fibrous con- 
nective tfesue into adipose tissue also in localities where only fibrous 
connective tissue is normal. This is the case at the orifices of the body, 
at the anus, where the panniculus adiposus of the external parts 
joins the submucosa of the rectum. There are two internal organs which 
quite frequently manifest this metaplasia to a marked degree, namely, 
the heart (fatty heart) and the pancreas. In both, progressive trans- 
formation of the intermuscular or interacinous connective tissue, respect- 
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ively, into adipose tissue occurs from without (from the adipose tissue) 
inward (see Fatty Degeneration, p. 155, and Hypertrophy, p. 111). A 
similar change is sometimes observed in the skeletal musculature. (See 
Hypertrophy and Pseiidohypertrophy, p. 109), 

In chronic inflammatory processes hyaline cartilage (c.^., in arthritis 
deformans) is often transformed into fibrocartilage and — the cartilage 
cells losing their capsules and assuming other forms — into fibrous con- 
nective tissue. In other cases cartilage approaches mucous tissue by 
softening of the homogeneous basement substance into a semifluid col- 
loid. In pathologic cases bone may develop from fibrous connective 
tissue in the same manner as bone develops from periosteum in a grow- 
ing individual. This is the case, for example, in old inflammatory 
products, as in old adhesions of serous membranes, rarer in the region 
of chronicly thickened vessels. On the other hand, transformation of 
bone into fibrous connective tissue has thus far not been demonstrated. 

Metaplasia of epithelium (frequently called transformation) is con- 
fined essentially to those parts of mucous membranes which have been 
altered by inflammatory processes. As a rule, the process is a trans- 
formation of cylindric epithelium into squamous epithelium (r.r/., in the 
bronchi ) , or hornification ( called also e p i d e r m i z a t i o n ) of the 
superficial layers of either the normal lamellated squamous epithelium 
upon mucous membranes or of such as has been transformed from 
cylindric epithelium {c.cj,, in the nasal mucosa, the urinary tract, oral 
mucosa in leucoplakia, of the vagina in prolapsus vagina:, etc.). Allied 
to this epithelial metaplasia are other processes in which one form of 
epithelium is displaced by another type: metatypia. This occurs in 
localities where squamous and cylindric epithelium join, c.g„ at the 
portio vaginalis uteri in the vicinity of so-called erosions (displacement 
of squamous epithelium by cylindric epithelium), and in the region of 
fistulous openings. Here, again, it is important to determine whether 
one type of cell has been immediately transformed into another or 
whether the cells originally present have died and the new cells assumed 
another type ; furthermore, whether the change of type is the result of 
adaptation to altered conditions — i.r., an histologic accommodation. Rest- 
ing cells differ in type from those which are in motion. Simple change 
in the form of cells is not metaplasia. Metaplasia is more thatti this : it 
includes not only the morphology, but also the function. The question 
here arises whether an anaplasia — a reversion of the cells to an 
earlier type — can occur in pathologic states. This earlier type, which 
corresponds to the first period of fetal development, is characterized by 
the fact that individual cell types {e.g,, epithclia) arc not yet sharply 
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differentiated, and that the cells possess a more decided tendency to 
growth than at a later period. 

Sometimes organs are so modified in structure by disease as to 
justify the expression “reconstruction.” This is true particularly of the 
liver, whicli is very markedly altered by chronic interstitial inflammation. 

Several observations show that transformation of the epithelium 
of excretory ducts of glands into true glandular epithelium also is 
possible. 

According to recent observations, transformation of the endothelium 
of lymph« and blood- vessels into connective-tissue cells, and probably 
also of connective-tissue cells into endothelium, is more frequent. 

HYPERTROPHY. 

In order for an organ or a tissue to become hypertrophied, 
i.r., for more nutritive material to be taken up and assimilated by the 
individual cells, certain stimuli — nutritive stimulation — ^an un- 
interrupted supply of nutriment being present, are necessary. The result 
of this stimulation is always active increase of nutrition. The stimu- 
lation is the result of augmentation of the natural, physiologic, 
adequate stimuli, c.g,, increased demand upon the musculature, 
increased function of a kidney, testicle, etc. The functional capacity of 
an hypertrophied organ is augmented only when the functionating 
cells — the functionating parenchyma of tlie organ hypertrophy. 

In contrast to this true hypertrophy depentlent upon increase in 
volume of the individual functionating cells stands so-called pseu- 
dohypertrophy, in which not the parenchyma but other parts 
increase in volume, the parenchyma itself, however, gradually undergoing 
atrophy. Consequently, the functional ca])acity of a muscle in muscular 
j)seu<lohypertrophy is not only not increased, but usually markedly 
diminished, often paralytic. The increase in volume of the muscle in 
pseudohypertrophy is produced by marked interstitial development of 
fat-tissue between the primitive muscle bundles. The fat-tissue devel- 
opment is not a pure metaplasia of the interstitial connective tissue into 
fat (see Metaplasia, p. 105 ), but is partly also a formative process 
accompanied by proliferation of the connective tissue. This affection, 
in which the nervous system is not involved, begins in childhood, is 
J^lowly but constantly progressive, and often liereditary. 

A similar interstitial development of adipose tissue is observed in 
die musculature in ankylosis and paralysis. Here, also, the true contract- 
ile substance is in the state of atrophy. Nevertheless, the two processes 
should not be considered identic, because in paralysis and ankylosis 
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the muscles, in spite of the adipose-tissue development, appear markedly 
reduced and the interstitial development of fat-tissue is a secondary 
phenomenon — a sequela. Here the interstitial development of adipose 
tissue is a purely metaplastic and compensatory process for the atrophy 
of the musculature. 

Finally, interstitial development of fat-tissue occurs also in the heart, 
especially in the right ventricle. This is always an accompaniment of a 
general lipomatosis. Here the pericardium also is always unusually rich 
in fat-tissue; from here, under progressive metaplasia of the intermus- 
cular connective tissue into adipose tissue, the latter penetrates between 
the muscle bundles, and wherever a large amount of fat-cells is already 
present the true muscle substance atrophies. 

True hypertrophy of the musculature occurs in the heart, in the 
voluntary skeletal muscles, and in the smooth musculature. Hyper- 
trophy of the voluntary skeletal musculature is the result of increased 
activity: activity hypertrophy. In a measure, this is a physio- 
logic analogue of true pathologic hypertrophy. As a rule, only certain 
groups of muscles which are markedly taxed are involved, according 
to the mode of life, labor, occupation, sport, athletics. 

Pathologic hypertrophy of muscular organs (of the heart, urinary 
bladder, gall-bladder, gastrointestinal canal, etc.) is dependent upon more 
or less increased efforts necessary to overcome pathologic hindrances. 
Here hypertrophy is always a phenomenon compensating as much as 
possible the pathologic hindrance; therefore, of itself it is not, in a 
strict sense, pathologic. The disturbance produced by the pathologic 
interference is compensated by the hypertrophy: compensatory 
hypertrophy. 

This hypertrophy is observed in the heart, namely, in the left ven- 
tricle in stenosis and insufficiency of the valves of the aortic orifice; in 
high degrees of arteriosclerosis; in contracted kidney; in the right ven- 
tricle in chronic affections of the lungs (in which a part of the pulmonary 
vessels is obliterated: in alveolar emphysema, ulcerative pulmonary 
phthisis, chronic induration, and chronic bronchitis with coincident total 
obliteration of both pleural cavities) ; in stenosis and insufficiency of 
the mitral valve; in valvular lesions of the pulmonary orifice; in the 
bladder as trabecular hypertrophy in disturbances and diffi- 
culty in voiding urine (from vesical calculi, prostatic hypertrophy, 
stenoses of the urethra, tumors ) ; in the gastrointestinal canal in nar- 
rowings of the lumen (stenoses by tumors, strictures by cicatrices, etc.), 
and in the uterus during gestation. 

In hypertrophy of the muscles (myocardium, voluntary skeletal 
musculature, and smooth [involuntary] muscles) enlargement pf the 



HYPERTROPHY. 


Ill 


diameter of the muscular fibers (of the individual muscle fibers, the 
primitive muscle fibrillae and muscle cells) occurs, so that the whole 
muscle is not longer, but thicker. Only the smooth muscle cells undergo 
also a very considerable increase in length {e,g,, in pregnancy), becoming 
ten times as long as they were before conception. 

H}rpertrophy of adipose tissue is observed in all persons who 
manifest a marked disposition to obesity. This adiposity (metaplasia) 
frequently is complicated with partial proliferative states (hyperplasias), 
which result in the formation of fat-tumors (lipomata). In most cases 
hypertrophy of adipose tissue is accompanied by metaplasia of the con- 
nective tissue into fat-tissue. Hypertrophy of adipose tissue often occurs 



Fig. 20. — Hypertrophy of the right lung due to disappearance of the left. 

Anterior view. ^ natural size. (After Langerhans.) 

as a compensatory phenomenon in atrophy of certain organs, e,g,, in the 
hilus of the kidney in granular atrophy of the kidney. 

Hypertrophy of glandular organs is particularly marked in paired 
organs (kidneys, testicles, etc.; also of the lungs in premature shrinkage 
of one lung, and in unilateral deforming pleuritis) when, for example, 
one kidney or one testicle is rendered functionless by pathologic proc- 
esses or extirpation. This is also a vicarious or compensatory hyper- 
trophy, because the defect, the absence of one gland, can be compensated 
hy the augmented activity of the other. In the kidney considerable en- 
largement of the glomeruli is observed, the capillary loops becoming 
larger and broader, and the urinary tubules increasing in size. The latter 
consists essentially in widening— enlargement— of the lumen of the 
urinary tubules; the glandular epithelia appear to be only slightly 
enlarged. 

In compensatory hypertrophy of one lung as the result of oblitera- 
tion of the other, the alveoli are unusually large and the bands of the 
lung-tissuc between the air-spaces markedly broad and richly supplied 
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with very wide capillaries. The lung-tissue, therefore, is increased in 
surface area and in- thickness, and more blood flows through the very 
widely distended capillaries. In this manner greater gas exchange is 
possible without increase of alveoli. Consequently, in compensatory 
hypertrophy of the kidneys and of the lungs the phenomena are very 
similar, if not, indeed, the same. 

Ponfick has drawn attention to an analogous compensatory hyper- 
trophy of individual lobules of the liver in experimental destruction of 
other lobules (in animals), and a number of observations in man render 
it highly probable that something similar occurs also in man. 



Fig. 21. — Hypertrophy of the right lung due to disappearance of the left. 
Dorsal view. Heart to the left, partly covered by the completely atelectatic 
left lung. Both large bronchi are uniformly well developed. Va natural size. 
(After Langerhans.) 


Hypertrophy of the milk glands and of the prostate is of fre- 
quent occurrence, llie milk glands are regularly enlarged toward the 
end of pregnancy, to again atrophy after lactation or after labor. Very 
frequently the milk glands of both breasts are unequal in size; some- 
times there is more marlced development of some of the glandular lobules 
upon one side. Very considerable hypertrophy of the milk glands is 
observed at the beginning of puberty independently of pregnancy and 
lactation. Hypertrophy of the milk glands sometimes occurs even in 
males, in whom these organs are generally arrested or undergo atrophy 
during the first years of life. 

Hypertrophy of the prostate usually begins in advanced age, at 
about the time when arteriosclerosis, upon which French authorities 
would have us believe prostatic hypertrophy depends, becomes distinctly 
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manifest. Partial hypertrophies of the prostate are usually more frequent 
than general, uniform enlargement 

In nerves hypertrophy is observed in sonic cases not only in 
the axis cylinders, but also in the medullary sheath (the myelin). Altera- 
tions in tlie medullary sheath, which does not belong to the true, cellular 
part of the nerves, are most frequent. 

ATROPHY. 

Atrophy is always a nutritive disturbance, a state of 
diminished nutrition, of defective preservation of whole organs or cer- 
tain portions of them. It occurs either as simple diminution in the size 
of the elements: simple atrophy, or willi synchronous appear- 
ance in the cells of foreign masses which do not belong to the cell in 
the healiiiy state, namely, cither pigment (i)igment atrophy) or fat 
(necrohiotic atrophy). In simple and in pigment atrophy the number 
of celK is not reduced; necrobiosis, on the other hand, canoes a disap- 
])earance of the cells, /.c., a diminution in number. In brown as well 
as in necrohiotic atrophy the normal constituents of the cells are always 
dimini^hed, for, although the cells at times appear to he larger, they 
are, neverthelesh, smaller as soon as the foreign constituents ( pigment, 
fat), which occupy the place of the normal constituents, are removed. 
This reduction in size is accompanied by diminution or suspension of 
function, because the latter is connected only with the normal constituents 
of the cells. 

Simple atrophy as well as necrobiosis are to be distinguished from 
hypoplasia,^ from original defective Anlagc in the formation of 
individual parts. 

The cause of atr()])hy sometimes resides in the part itself, 
sometimes in insufficient supply of nutritive material. In the first in- 
stance the j)roce^s is a deficiency of natural, adequate 
stimuli and deficiency of function. A muscle which is not 
used (owing to ankylosis, fracture, etc.) atrophies; a peripheral nerve 
which is separated from its ganglion dies by fatty metamorphosis; max- 
illary bones atrophy after loss of the teeth; glands (testes, milk glands, 
etc.) atrophy from prolonged inactivity. 

If the atrophy is due to insufficient nutrition, it is 
sometimes local, caused by local circulatory disturbances (ivsehemia, con- 
gestion, hyperemia, inflammation, edema), sometimes general, caused by 
pernicious anemia or defects of the blood-mixture (leukemia), or by 
<listurbances of general nutrition (deficiency of nourishment alone; 

^From^, under, and rWn, formation. (See p. lOS.) 
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dyspeptic, senile states; disturbances in absorption of the chyme), or 
by exhausting loss of fluids (repeated loss of blood, suppurations, exu- 
dations). 

Simple atrophy (wasting, emaciation, macies^), by diminution of 
the bulk of the constituent elements, causes a reduction of volume of 
whole or individual portions of organs. 

In atrophy of adipose tissue (macics), which under nor- 
mal conditions is light yellow in color, the fat-cells and the oil-drops 
they contain become smaller. The oil-drops finally break up into a 
number of smaller droplets (simple atrophy). In this diminution in 
size the oil-drops frequently assume a deep-yellow color. If higher 
grades of atrophy persist for a long time, the color becomes more and 
more reddish yellow to brownish red (microscopicly : orange-colored). 
In the cadaver these parts not infrequently acquire a greenish to blackish 
color as a result of decomposition. This atrophy with chronic character, 
which occurs especially in chronic affections associated with marasmus, 
is called brown atrophy of the adipose tissue. 

Atrophy of the musculature likewise may occur with or without 
pigment formation, so that here also a simple and a b r o w n atrophy 
must be distinguished. In brown atrophy the macroscopic color is clue 
to very small, microscopic, yellowish-brown, amorphous, clodded, very 
slightly refractive pigment-granules which accumulate in very variable 
amount, chiefly at both poles of the nucleus. This deposition of pigment 
occurs not only in atrophied, diminished musculature, but also in some 
cases of hypertrophy. Here a hypertrophic state had originally existed; 
with the nutritive disturbance and the pigment thus produced, a certain 
reduction in volume had secondarily occurred ; this was not, however, 
sufficient at once to produce from the hypertrophy visible atrophy or eveti 
a reduction to the normal size. (.See Fig. 28.) 

Pigment atrophy of the musculature is most frequently observed 
in the heart. It occurs in old age and in chronic processes (carcinoma) 
which cause early marasmus. 

Brown atrophy of the liver is likewise characterized by the for- 
mation of small, brown, amorphous, clumped, slightly refractive pigment- 
granules associated with disturbance of nutrition and diminution in the 

^ Macies is employed chiefly to designate atrophy of adipose tissue ; tabes is 
now used for atrophy of the peripheral nerves and the spinal cord, foracrly for 
atrophy of the muscles; marasmus (ftapatw == disappear) for atrophic changes 
of the aged and for premature senile phenomena. Cachexia (ifaifdf ** act 
badly) signifies bad state of the blood (hydremia, etc.) and of the nerves: con- 
sumption, the using up of proteid material in high, particularly hectic, fever; 
phthists, i:hiefly for wasting ( ) of the whole body with febrile manifestations 

and generally also local ulcerations (principally in the lungs), subsidiarily* every 
wasting of functionable substance. 
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size of the cells* This pigmentation always begins in the central zones 
of the acini and gradually advances from there toward the periphery, 
under the same conditions which lead to brown atrophy of the heart. 

In adults the ganglion cells of the brain contain brown pigment so 
regularly that certain portions (e.g., substantia nigra) are accentuated 
by it and considered normal. The yellow-brown coloring matter is 
located in the region of the nuclei. The colorings vary widely according 
to the age and also individually; not all are within physiologic limits. 


Fig. 23. — Atrophy of a muscle 
Fig. 22. — Muscle-fibers in simple with increase of nuclei. X 250. 

atrophy. (After (After Smaus.) 

Marked pigmentation of the ganglion cells in the cerebral cortex is a 
auspicious sign. Although the greater capability of the ganglion cells 
to form pigment must be admitte<h such pigmentation is, nevertheless, 
<ilways a deviation from the type. In many cases of more or less intense 
accumulation of pigment — brown atrophy of the ganglion 
<'ells — complete disappearance of the individual cells unquestionably 
h)lIows. 

Tn the spleen and testes also nutritive disturbance.s and diminution 
'tt the size of the organs are frequently associate<I with pigmentation. 

Hrown atrophy (atrophia fusca), therefore, marks a group of chronic 
•utritive disturbances which probably are irreparable. The cells are 
(’resent and can {unctionate* but function is diminished, weakened. 
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In simple atrophy {atrophia simplex) of the tissues and or- 
gans (heart, liver, spleen, testes, uterus, ovaries, etc.) the volume of 
the individual cells (of connective tissue, adipose cells, musculature, 
gland-cells of the stomach, liver, etc.) is diminished,^ and often this is 
microscopicly demonstrable only by exact measurement; other indica- 
tions of simple nutritive disturbance are lacking. In the adipose-tissue 
cells, the fat content of the cells diminishes, smaller droplets of fat 
separating from the larger drops. 

Simple atrophy is observed in states of inanition, in hunger 
and starvation; also in experimental starvation, in animals as 
well as in man. liy accurate measurements it has been found that in 
hunger the fat-tissue loses most in weight; next the blood, then the 
muscles and glands, and least the bones and the central nervous system. 

In simple atrophy of connective tissue (in atrophic, 
plexiform omentum ; in the valves of the pulmonary and aortic orifices 
of the heart; in coalescence of contiguous cysts of the kidney, the 
thyroid, etc.) and of the lung-tissue (in alveolar emphysema) small 
spaces develop by rarification in the firm substance, which, on further 
progress, may jiroduce fenestration (of the valves), honeycombing (of 
the stroma of the kidney), or even reticulation (in the omentum). 

In simple and brown atrophy the fluid constituents of the tissues 
first diminish, and later the formed elements. Hence, the firmness and 
dryness of atrophied organs; hence, also, the disappearance of the 
natural turgor of the tissues (sunken face, etc.) in simple, transitory 
states of hunger. 

In nccrobiotic atrophy^ (necrobiosis, atrophy with diminution 
of number, death of the cells with obliteration of the external form, 
fatty metamorphosis) the appearance of fat within the cells precedes 
disappearance of the cells. This phenomenon is always a chemic process, 
in which part of the albuminous constituents of the cell-body is replaced 
by fat. The chemic alteration of the organic constituent.s of the cells is 
manifested by the appearance (on viewing with strong objectives) within 
the cell-body of very minute points consisting of fat. The nucleus of 
the cell is at first unaltered, later it is obscured by fat, and, finally, it 

^ Many observations indicate that in simple atrophy as well as in brown 
atrophy — except of the ganglion cells — diminution in the volume of the cells 
may advance to complete disappearance. 

2 The view that the fat occurring in the cells in nccrobiotic atrophy originates 
as the result of chemic transformation of the constituents of the cell, namely, of 
the albumin (so-called “fatty metamorphosis”) has recently been combated by a 
number of investigators who assert that the fat is conveyed to the cells from with- 
out. In the absorption of fat, flitting and synthesis probably occur through the 
agency of the cells themselves. The nucleus remains normal for some time, and in 
fresh preparations appears to be obscured by fat, but is again rendered visible by 
extraction of the fat. 
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disappears. The minutest fat-points quite rapidly increase in number 
and size, grow to minute fat-droplets, and, finally, fill the whole cell-body. 
The fat probably locally combines within the cell with certain normal 
constituents (j^erhaps with Altmann's granules) in such a manner that 
the latter are more or less rapidly substituted by fat. In this stage the 
cell consists in greater part of fat granules, and, therefore, is desig- 
nated as granular cell. The fatty granular cell, the nucleus and 
external contour of which are still plainly recognizable, changes into a 
granular globule, in which neither membrane nor nucleus can 
be made out, and only in a general way still preserves the external form 



I'ig 24.-- -h'at-granulc spherules in pulmonary carcinoma. X 350. 

the cell. The external contour of the granular globule is granular 
in accordance with the individual fat-granules. The granular globule 
is held together by a remnant of the old contents of the cell. In the 
further stage it disintegrates and furnishes a fatty detritus, ^ a kind of 
emulsion: emulsion stadium. With this, complete extinction 
of function and the possibility of reparation, wliicli in simple atrophy 
does not appear to be excluded, occur. The functional disturbance which 
follows necrobiosis depends upon the sum of the elements involved. 

Almost all cells may die by necrobiosis ; only the red blood-cor- 
iniscles and the ganglion cells are exceptions. The whole process of 
necrobiosis has a physiologic analogue in the formation of milk. 

The cause is either local circulatory disturbances (congestion, 
anemia) or general nutritive disturbances (pernicious anemia, leukemia, 


'From dctererCt to wear away; detritus, disintegration product. 
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cachexia) ; or it is a sequela of parenchymatous inflammation. Necro- 
biosis caused by direct nutritive disturbance is designated as pri- 
mary; that which follows parenchymatous inflammation is called 
secondary. 

The termination of necrobiosis may be : — 

1. Absorption of the fat (physiologic in the corpus luteum), 
especially within richly vascular organs. In the locality of the disin- 
tegrated cells either a cavity filled with more or less clear fluid appears 
(cystic degeneration) or the adjacent parts gradually approach until 
contact, i,c., collapse: sanatio incompleta. 



Fig. 25. — Cholesterin plates. Crush preparation. X 350. 

2. Secretion of fat (physiologic in the formation of milk), 
especially upon the surface of glandular organs, in filling of indi- 
vidual renal epithelia with fat; in this case the fat-granules are washed 
out with the urine. 

3. Retention of fat. This occurs only when neither ab- 
sorption (from deficiency of vessels) nor secretion (when the surface 
is not reached) is possible, as, c.g., in the interior of poorly vascularized 
parts (intima of the aorta). Then cholesterin^ is almost always sepa- 
rated from the fat in the form of iridescent rhombic plates. (Fig. 25.) 

5 The rhombic cholesterin crystals frequently lie flat upon each other, some- 
times in such large numbers that, e.g., in atheroma of the arteries, the characteristic 
shimmer can be seen through the thin suf^rficial tunic. Cholesterin is soluble in 
alcohol and ether, but cannot be saponified; it is a constant constituent of 
atheromatous cysts of the external skin, occurs physiologicly in the vemix 
caseosa of the fetus as a product of the sebaceous materia) of the skin. 
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Necrobiosis of muscle is characterized by the very regular arrange- 
ment of the fat-puncta in transverse (corresponding to the transverse 
markings) and longitudinal (corresponding to the primitive muscle 
fibrillse) rows. With the appearance of these fat-puncta the transverse 
markings become indistinct. If the fat-puncta enlarge and coalesce to 
form large fat-droplets, as in severe chronic anemias (pernicious anemia), 
the transverse markings disappear. (See Fig. 26.) 

In so-called fatty metamorphosis of the cornea, which, 
in advanced age, is not infrequently very extensive, usually in arched 
form (arcus senilis, a semicircle open below), the large, flat, stellate cells, 
of which the transparent cornea is comi)osed, become filled with fat- 
granules without disintegration of the cells themselves. Consequently, 
less light enters the eye ; part of the rays of light is reflected, imparting 
a cloudy appearance to the affected portion of the eye (the cornea). 
This condition may persist for a long time. 



Fig. 26. — .Small fragments of heart muscle in advanced stage of fatty 
metamorphosis in severe parenchymatous nephritis. (Zeiss Apochr., 4 ; Comp. 
Ocul, 4, After Langerhans.) 

In the i n t i ni a of the aorta — a connective-tissue tunic which 
in transparency pos.sesscs a certain resemblance to the cornea — very 
large, branching, flat cells occur, which become filled with fat and 
are often recognizable, even with the unaided eye, as minute, light-yellow 
St rite and puncta. 

The examples thus far presented illustrate the diflfeient forms of 
atrophy. In each instance the process is a simple, uncomplicated, and 
easily interpreted one. Important as it is from a theoretic standpoint 
sharply to differentiate the three forms of atrophy : simple, fatty 
(nectobiotic), and pigmentary atrophy, it is equally impossible from a 
practical standpoint accurately to determine in many undoubted atrophies 
what role one or the other form of atrophy plays. All three forms quite 
often coexist; sometimes they are complicated also by metaplastic and 
formative processes. 

The difficulties begin even in physiologic atrophy, in so- 
called involution of the breast gland. As is known, the 
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thymus gland begins to atrophy early and completely disappears at about 
the time of puberty, being gradually substituted by adipose tissue. At 
all events, diminution in the number of cells occurs, though at present 
it is still undecided how this takes place. Nothing is known of the 
cause of atrophy of the thymus gland. In very young animals the thy- 
mus gland can be operatively removed at a period in which atrophy has 
not yet begun, without inducing any visible disturbances. 

Our knowledge of ( physiologic ) atrophy of the milk 
glands after lactation and of the female generative 
organs at the climacteric period is not much better. Why does the 
mammary gland cease to produce milk after weeks, months, <*r about 
a year, in spite of tlie fact that the external conditions remain unchanged? 
What is the internal cause, and in what manner does atrophy occur? 
Why do the products of the ovaries cease at a certain time — at a time 
when the rest of the body is still vigorous and capable of function? 
That the menses cease at the time the products of the ovaries cease, and 
that with cessation of menstruation the uterus gradually begins {o atrophy, 
are less difficult of interpretation, for as long as menstruation lasts a 
strong affluxus to the uterus with increase of nutrition occurs at regular 
intervals. With beginning of the menopause this regularly recurring 
stimulation of the uterus ceases, and. consequently, atrophy occurs from 
inactivity: inactivity atrophy, or atrophy from disuse. The 
same phenomenon may be observed in the uterus after parturition. 

This inactivity atrophy is a quite frequent phenomenon also in 
other organs. As soon as a part is for a long time prevented from 
functionating — t.c., as soon as the integral stimuli are abolished — diminu- 
tion in volume occurs without it being possible in every case accurately 
to state how the atrophy takes place. Thus, in paralyzed limbs and in 
ankylosis the epidermis, the skin (“glossy skin” develops: smcK>th, glis- 
tening skin resulting from obliteration of the folds, atrophy of the papil- 
lary bodies, and thinning of the skin), the muscles (here there is fre- 
quently vicarious development of adipose tissue), and bones atrophy. 
In persons who are not full-grown the bones remain at the stage of 
development then attained, and do not grow with the remaining skeleton ; 
in some cases there is even diminution in size (especially thinning), 
which, however, is usually slight. The same phenomena are observed 
in chronic, particularly recurrent, tuberculosis and suppurative articular 
inflammations, and in luxations. The musculature atrophies even in 
temporary immobilization of extremities for fractures. After congenital 
luxations of the hip the acetabulum disappears and the head of the femur 
remains rudimentary. In later acquired and unreduced luxations also, 
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atrophic changes occur in the cartilage (with fibrillation of the homo- 
geneous basement substance) and in the bone. 

Glandular organs, such as the testes and mammary glands, also 
atrophy as the result of prolonge<l inactivity ; the milk glands, e,g., when 
nursing is possible, hut for some reason (sickness, laziness, prejudice) 
is neglected. Atrophy of the mammary glands is in many cases hered- 
itary, so that in many families the mothers are incapable of suckling 
their offspring. In most cases the glands themselves are still preserved, 
but small, of defective construction, and poorly nourished. Atrophy of 
the milk glands is in many cases accompanied by atro])hy of the sur- 
rounding adipose tissue. 

In old age most of the tissues atrophy: the connective tissue of the 
skin, the hair, the adipose tissue (hence, wrinkles develop, most mark- 
edly in the face), cartilages, bones (symmetric senile atrophy of the 
external taide of the t^arietal bones, atrojiby of the lower maxilla, etc.), 
teeth, musculature, and the internal organs: ganglion colls of the brain 
an<l spinal cord ; heart, liver, kidneys, spleen, cornea, genitalia, etc. 

This senile atrophy belongs, in great part, in tlie domain of 
]ngmentary atrophy and fatty metamorphosis. \^ery little is known 
of the cause of senile atrophy; in explanation it is usual to assume an 
extinction of the powers of reproduction. At all events, there is no such 
definite age limit for senile atrophy as for the beginning of the meno- 
pause. In some cases senile changes are observed in quite young indi- 
viduals; tliis is es])ecially the case when premature senescence with 
marasmus occurs as the result of chronic affections (marantic 
atrophy). In these cases the adipose tissue, the musculature, the 
heart, spleen, and liver are principally attacked by the atrophy. 

Atropliy resulting from the action of certain chemic substances 
(medicaments, poisons, etc.) is observed in lead poisoning: granular 
atrophy of the kidney"^, atrophy of the extensors of the hand; further- 
more. in internal and external employment of iodine: atrophy of the 
hypertrophied thyroid gland ; in uric acid diathesis : granular atrophy 
of the kidneys. 

Tissues and organs may also he caused to atrophy from pressure: 
pressure atrophy. Here, however, two things must not be 
overlooked: first, that in all soft, compressible tissues the vessels also 
are compressed and local anemia (ischemia) develops, and, second, 
that in hard tissues (cartilage, and especially bone) pressure of tissues 
against the bones (r.^., Pacchionian bodies, aneurisms, tumors, etc.) 
v^^auses irritation of the periosteum, which leads to formation of granula- 
fions and absorption of compact bone. Pressure atrophy of the paren- 
^hynia is observed in chronic interstitial inflammations 
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(kidneys, liver, heart, testes, stoinach), which terminate in cicatrization; 
in extreme congestion of the liver (from valvular lesions of 
the heart): red, cyanotic atrophy, nutmeg liver (here sim- 
ple, fatty, and pigmentary atrophy coexist) ; in the kidneys : passive 
congestion of the kidney with primary fatty metamorphosis of the 
parenchyma; in the formation of constrictions of the liver; in atrophy 
of the testes from hydrocele^ ; of the cornea and sclera from hydroph- 
thalmos; in confluence of neighboring cysts in the kidney and in the 
thyroid gland. Atrophy of the kidneys from hydronephrosis is compli- 
cated by chronic interstitial nephritis terminating in contraction. In all 
these cases it is well to remember that the capillaries also are compressed 
by the pressure, so that anemia and, thus, nutritive disturbances occur. 

Under neurotic atrophy is included a large group of atrophic 
processes which develop in connection with various affections of the 
central nervous system (infantile spinal paralysis, amyotrophic lateral 
sclerosis, chronic poliomyelitis of adults, progressive [spinal] muscular 
atrophy, progressive bulbar paralysis, and others), and with injuries, 
especially gunshot wounds, of the peripheral nerves. The common 
feature of this whole group is disturbance — interruption — of the con- 
duction and the influence of the nerves. Here it is not solely a question 
of deficiency of integral stimuli, but either of arrest of direct influence 
of the nerves upon nutrition (of the skin and muscles, seldom of the 
bones) — it being assumed that special nutritive centers exist in the 
brain — or of disturbance of nutrition by stimulation or paralysis of the 
vasomotor nerves. 

According to the condition (state) of the external surface are dis- 
tinguished smooth atrophy and granular atrophy. In the 
first the surface of an organ^ Ijecomes, or remains, smooth; in the 
second it becomes granular (kidney, liver). In granular atrophy of the 
kidney the surface is sometimes finely, sometimes coarsely, granular. 
The finely granular surface always corresponds to a chronic interstitial 
process ; the coarsely granular to a chronic parenchymatous process. In 
both cases the parenchyma of the kidney atrophies. 

' For other examples of atrophy from dropsy, see Dropsy, p. 98. 

2 Smooth atrophy of the base of the tongue (atrophia radicis lingua) 
always develops upon a syphilitic basis and is due to an inflammatory, formative 
process, which, by cicatrization, causes atrophy of the follicles lying posterior to 
the papilla circumvallata. In this instance the base of the tongue is smooth and 
more or less indurated and white. 
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In contrast to total death of an individual (animal, somatic, 
systemic death) stands local death of constituent parts 
(vegetative, molecular death). The constituent parts (cells) possess 
a vita propria (irritability) which may persist for some time after total 
(somatic) death. In somatic <leath a succession of processes always 
occurs dependent upon the vita propria of the constituent parts. The 
latter (with exception of the three vital organs: brain, heart, and lungs, 
which constitute the atria mortis^ ) may die without directly endangering 
the further existence of the individual. 

Death of individual parts, or local death, occurs either with 
obliteration of the external form : necrobiosis or with preservation 
of the organic structure: necrosis. The altered or intact morpho- 
logic state indicates the change which has occurred in the organ. The 
dead part is no longer capable of function. 

Gangrene •’ always terminates in mortification,^ necro- 
sis. Gangrene is the final, extreme, progressive stage 
of positive inflammatory processes — a degree of inflam- 
mation so intense that death of the tissues always results. Hence, the 
designation h o t gangrene in contradistinction to complete death, or 
cold gangrene — slough ( sphacelus) . 

Gangrene develops as a result of disproportion between the nutri- 
tion of a part and the degree of the injurious effect exerted uix)n it. 
In many cases the inflammatory phenomena ensue and subside with 
extreme rapidity, so that they are very easily overlooked and the local 
death thus becomes the prominent feature; in many other instances the 
^cquelae, which are chiefly of a cadaveric, putrid nature, obscure the 
essential process. 

The dead state of the tissues, necrosis, is most clearly and 
sharply manifest in necrosis of bone, because bone is just as 
^lightly altered by secondary cadaveric changes as by tnaceration. There- 
fore, necrosis of bone serves in a measure as the type for necrosis in 
general. It usually develops from suppurative periostitis or osteomyelitis 
which is accompanied by destruction of the involved afferent vessels. 
The dead segment of bone — the sequestrum — has about the ap- 
pearance of a well-macerated bone. and. in contradistinction to living 
carious bone, is remarkably smooth upon the surface. 

^ At one time it was believed that death commenced in the heart, lungs, or 
brain. These organs were, therefore, called the atria mortis : the “halls of death.” 

2 Compare Atrophy, p. 116. , . . . 

* yiYfpatm cancer, cancer-ulcer, cold gangrene, which ends m death. 

^ Galen defined gangrene briefly and aptly: mortificatio fiens. 
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Adipose tissue also is usually very slightly altered in structure in 
f a t - 1 i s s u e necrosis; the necrotic focus remains morphologicly 
almost intact, but when viewed with the naked eye it generally appears 
like a small, yellow-white, opaque spot imbedded in the surrounding 
yellow fat-tissue. 

Dead extra-uterine feti may remain in the abdomen for decades in 
a macroscopicly and microscopicly well-preserved state, giving up only 
a portion of their fluid constituents to the surrounding parts. 

In direct, complete interruption of nutrition without inflammatory 
manifestations {c.g., in infarctions, in kidneys in which the arteries have 
been ligated) a peculiar cliange often occurs in the cells, in which the 
nucleus disappears, the contour of the cells, however, at first being still 
preserved. As these dead cells present appearances similar to firmly 
coagulated fibrin, VVeigert, wlio has most thoroughly investigated this 
phenomenon, has designated this change as coagulation necro- 
sis. In this process it is asserted that fibrin is formed within the cells. 
According to \\ eigert, this coagulation necrosis is observed not only in 
interruption of the circulation, but also very extensively in inflammatory 
and degenerative processes. By some authors caseation also is 
looked upon as coagulation necrosis. Caseous material, however, is 
readily distinguished from the more yellowish and less dry foci of 
coagulation necrosis by its dry, white, opaque character. In caseation 
also the material is necrotic, dry albumin which originates by inspis- 
s a t i o n — desiccation — of cellular elements, the intercellular water 
being first abstracted and then the intracellular, the cells shrinking, 
losing their contour, and producing irregular, granular, and polygonal 
clumps. Tubercle, pus, tumors, and hyperplastic lymphatic tissue mani- 
fest an especial disposition to caseation. 

Superficial necrosis (not gangrene) develops in the region of the 
focus of desiccation — /.r., of slough formation — when internal organs 
or external parts deprived of protecting epidermis by trauma ) are 

exposed to evaporation. 

The causes of gangrene are : — 

1. Circulatory disturbances: anemia, congestion, stasis, dropsy, and 

2. Action of external injurious influences: infection, intoxication, 
cauterization, bites of poisonous serpents, higher degrees of burning, and 
freezing. 

Gangrene occurs only when both causes co-operate. External 
injurious influences alone without disturbance of circulation are no more 
causative of gangrene than circulatory disturbances alone. Complete 
interruption of nutrition from cessation of the circulation causes necrosis 
directly without inflammatory phenomena. In gangrene the relation 
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between both co-operative causes is generally of such a nature that one 
— either the circulatory disturbance or the external injurious influence — 
greatly predominates, and, therefore, the other may easily be overlooked. 

Two forms of gangrene are differentiated: dry gangrene {gan- 
grccm sicca, mummificatio) and moist gangrene {gangrwna hnmida, 
putrcsccutia). 

Dry gangrene occurs only upon the surface of the body, because 
evaporation here plays a very important role, and this is possible only 
upon body surfaces on contact of the gangrenous part with the atmos- 
pheric air. 

Desiccation is always preceded by formation of vesicles. This 
occurs as follows : The red blood-corpuscles dissolve, the hemoglobin 
is diffused and stains the blood-serum red; this red fluid uniformly 
permeates all the dying tissues (a'dema gangnenosum) , and accumulates 
between cutis and epidermis, elevating the latter from the rele Malpighii 
in the form of vesicles : so-called gangrene vesicles ( gangren- 
ous bullte). The fluid in the vesicles turns livid, blackish blue, and the 
vesicles frequently have a certain resemblance to “blcKKl-blisters*' (balla 
lucniorrliagica), which, liowever, always contain intact red bkx)d-cor- 
puscles. On bursting of gangrene vesicles, c.r/.. in consequence of active 
or passive movements of the afli'ected parts of the body, the contents are 
discharged ; the moist tissues are thus deprived of the protecting, ini- 
perspirable epidermis, and now begin to desiccate and gradually to shrink 
as a result of evaporation. Consequently, more or less thick, dried tissue 
layers (so-called crusts), dark bluish to blackish in color and of very 
firm, leathery consistency, develop upon the surface. These dry parts 
have a mummified a[)pearance ( hence, m u m ni i f i c a I i o n ). 

Dry gangrene develops principally in parts of the Ixxly ntost distant 
from the heart, most frequently in the toes, and on further ])rogress then 
advances in the direction towanl the heart. 

Moist gangrene occurs chiefly in the interior of the body, where 
evaporation is impossible. Retention of the moisture within the warm, 
(lead parts favors decomposition of the organic substances under the 
actiem of micro-organisms — the so-called putrefactive bac- 
teria. Putrefactioa always begins so early and is so inseparable 
from moist gangrene that it has, in a measure, become a characteristic 
feature of moist gangrene. One should not, however, he misled to con- 
sider putrefaction the essential process in moist gangrene, for under all 
circumstances putrefaction always is a secondary phenomenon — a sequela ; 
it can occur only where the tissues have already died. Putrefactive 
decomposition, which leads to complete destruction of dead tissues, is 
characterized by the discolored (frequently dirty green) appearance of 
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the parts and the sickening pungent, extremely repulsive odor. The 
latter is due to the formation of certain gases: ammonia, ammonium 
sulphide, and sulphureted hydrogen gases, ^ and to the formation of 
odoriferous organic substances, fatty acids, and valerianic acid. The 
stinking gases injure the neighboring parts, excite an irritative state, and 
favor further extension of the gangrenous process. 

As a result of the formation of combustible carbureted hydrogen 
gas within the gangrenous tissue, smaller and larger cavities — an em- 
physema — are sometimes produced, which may render the tissue so 
porous that it acquires a resemblance to baked bread ; this characterizes 
the form of gangrene known as emphysematous g a n g r e n e 
(See p.,570.) 

Simple softening without odor: liquefaction, colliquatio, l\(j„ the 
softening of caseated masses (caseous hepatization, caseous lymphatic 
glands, etc.), should be distinguished from humid gangrene. Simple 
softening develops by disintegration of dry albumin masses into an 
albuminous detritus as the result of absorption of water from surrounding 
parts.^ 

The gangrenous focus is either sharply circumscribed from the 
beginning: circumscribed gangrene, or it has no distinct 
line of (lemarkation and manifests a progressive, eroding character: 
diffuse gangrene. The latter also, after a time, may be arrested 
in its progress and become circumscribed. As scx)n as the gangrene 
becomes limited, the dead part is separated from the living tissues by 
a strong reactive inflammation (which always proceeds from the liv- 
ing parts, because the dead part is incapable of reaction), i.e., by a 
dissecting suppuration, which results in the formation of a kind of 
cleft. If the dead tissue is superficial, as in typhoid (typhoid slough, 
sphacelus), dissection begins at the free surface and advances gradually 
toward the depth, and it may often be ended on the surface, while in 
the deeper parts open vessels still communicate with the sphacelus. If 
the slough is mechanicly separated in this stage, hemorrhages readily 
occur, because the vessel lumina have not yet become occluded by the 


1 Sulphureted hydrogen and ammonia cause a rapid solution of the red blood- 
corpuscles, and stain the blood green or brown to black (analogous to carboniza- 
tion of wood: brown to black). The action of sulphureted hydrogen upon blood- 
pigment causes a bluish-gray, slaty coloration (microscopicly : blue granules). 

2 There is an epidemic disease of animals : symptomatic anthrax. 
%lack leg,” "quarter-evil” (Rauschbrand, charbon symptomatique)^ in which gas 
formation is always observed. This gas can be displaced by pressure with the 
production of a crackling sound. 

f Simple softening may be due also to the action of solvent or digestive fluids, 
e,g., in the production of gastric ulcer by the action of the gastric juice (digestive 
softening). 
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formation of thrombi. In slow, spontaneous separation of the sphacelus 
the danger of hemorrhage is almost always excluded. 

Separation of the slough produces an ulcer {ulcus gangrmiosum) , 
which usually quickly becomes cleansed {ulcus dcpuratum), and, if the 
loss is not too great, readily cicatrizes. Whenever the dead part lies 
upon a serous membrane (as is frequent in the lungs), a spreading puru- 
lent or ichorous inflammation of the serous layer develops {pleuritis 
ichorosa). 

In moist gangrene the process generally spreads peripherally and 
causes very extensive destruction, if the possibility of deniarkation and 
exfoliation is not offered by proximity of a surface {cjj,, by expectora- 
tion^ in pulmonary gangrene). In nonputrid gangrene, on the other 
hand, the sequestrum may be inclosed also within the body by the devel- 
opment of a connective-tissue capsule, or purulent channels develop which 
open externally and result in the formation of fistulae. 

According to the color are distinguished colorless {c,g,, of the 
bones ) and black g a n g r e n e {c.g„ senile gangrene ) . The first 
occurs in anemic, the second in richly vascular, parts. So-called white 
or yellow gangrene develops in hydropsic subjects in the scrotum, 
the vulva, and the extremities; it begins as an erysipelatous process 
(^often at points of scarification), then passes into diffuse phlegmonous 
infiltration, and, finally, leads to disintegration. 

If the different forms of gangrene are viewed from an etiologic 
standpoint, certain groups result according to whether circulatory dis- 
turbances or external injurious influences predominate. In occlusion of 
llie arteries by embolism (embolism of the popliteal artery causes gan- 
grene of the foot ; embolism of the femoral, gangrene of the foot which 
may involve the lower half of the leg; embolism of the lung, if the 
emboli are infectious: lobular gangrenous pneumonia) ; in severe arterio- 
sclerosis and coexistent cardiac weakness from organic senile changes 
[gangreena senilis); in extreme congestion from incarceration and 
strangulation; in intense dropsy (white gangrene), and in persistent 
capillary anemia from pressure (pressure gangrene, decubitus) cir- 
culatory disturbances predominate; in gangrene from 
ergotin, the bite of poisonous serpents (enormous “pasty"’ swelling, 
marked hyperemia, and numerous ecchymoses), from cauterization (cor- 
rosion: acids, alkalies, metallic salts, etc.) intoxication predomi- 
nates; in typhoid (in typhoid sphacelus) and diphtheria- (of mucous 

^ The expectorated fragments of necrotic lung tissue are histologkly so well 
preserved that their structure can be recognized microscopicly without difficulty. 
The elastic fibers appear to be least altered. 

^Associated with stasis. This is not, however, the cause but only the result 
^f the diphtheritic process. 
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membranes and wound surfaces : hospital gangrene); in anthrax, 
furuncle, carbuncle, noma.^ or cancer aqnaticus, erysipelas gangrcena- 
sum, phlegmonous processes, and in gangrenous disintegration of tumors 
(carcinoma), infection is the chief factor.^ 

Closely related to gangrene from caustic poisons are combus- 
tion (from fire, lightning, etc.) and congelation (freezing, frost- 
bite), inasmuch as the tissues and vessels are simultaneously attacked 
by the external injurious influence. In mal pcrforatit dit pied and 
symmetric gangrene (of the hands, feet, ears, cheeks, nose ) 
there probably is, in addition to pressure (ma/ perforaiit: gangrene at 
the point of pressure), disturbance of innervation, for in mal perforant 
the margins are anesthetic, and in some cases lesions of the nerves also 
have been observed, and in symmetric gangrene it is always tapering 
parts which are attacked, and, furthermore, those affected are almost 
always females whose vascular system reacts in an unusually strong 
manner to external influences {e.g,, cold, by local asphyxia). In this 
respect there is a certain similarity to ergot gangrene, inasmuch 
as secalc cornutnm also causes gangrene b*y spastic contraction of 
the smaller arteries. The connection of gangrcp.c of the hainls and feet 
with nervous disturbances is unquestionable in lepra mutilans associated 
with anesthesia, for in these cases a severe leprous neiiritis has re])eatedly 
been determined. 

Symmetric Gangrene may occur as an independent process (Raynaud’s dis- 
ease) or in the course of various affections: tabes, syringomyelia, tumors f)f the 
spinal cord or nerve-roots; Basedow’s disease, hysteria, epilepsy; in infectious 
diseases : typhoid fever, influenza. 

Some authorities designate as Raynaud’s Disease only the independent fonn 
of symmetric gangrene. This, however, is impracticable, for all three stadia 
of the pathologic process cd this affection, namely; (a) syncope (regional 
ischemia), in which the fingers or toes respectively become waxy pale and cold; {b) 
local asphyxia (regional cyanosis) with blue to blackish discoloration of the 
parts, and (c) gangrene with final casting off of the parts (usually terniinal 
phalanges of the fingers), can be produced also by tumors of the nerve-roots, while 
in many other cases the basis of the malady is obscure. The disease usually 
subsides after an attack of several months’ duration, passing through the stiigcs 
mentioned, though it may terminate before the third stage. Rarely other parts 
(tip of the nose, nates, ears) are affected. 

Pharyngeal diphtheria is sometimes accompanied by an extensive 
putrid process. This is de.signated as gangrenous diphtheria. 
Diphtheria is of itself a mortifying gangrenous prcxress, but the 

^ Noma starts from the oral mucosa of badly nourished children and spreads 
to the lips and cheeks; it occurs also in the female external genitalia. 

2por further details regarding the different examples, see otiter parts of 
the text. 
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latter usually attacks only the surface of the mucous membrane 
(is superficial). Whenever the term gangrenous diphtheria is employed, 
it is intended to indicate that a phlegmonous — gangrenous — affec- 
tion, which extends more or less in the depth, is added to the ordinary 
superficial diphtheria. 

Gangrene of the lungs is alw^ays a moist gangrene. In the sputum 
are always found, in addition to elastic fibers, characteristic fatty acid 
crystals. Aside from infectious emboli, pulmonary gangrene is caused 
by aspiration of food particles (often in the insane, but also in other 
very ill persons who “mis-swallow’*). ])y spreading putrid bronchitis, 
and by other processes attended by destruction and putrefaction which 



Fig. 27.— Slightly curved fatty acul crystals, a, isolated; b, groups in 
characteristic arrangement. (Zeiss Apochr., 4; Comp. Ocul„ 8. After 
iMuyerhans . ) 

extend to the trachea, bronchi, or the lung itself from without (c.y., 
as a result of carcinoma of the esophagus). 

Decubitus (pressure gangrene) always tlevelops at [>rominent parts 
immediately over tone, most frequently over the sacrum, owing to dor.sal 
posture assumed by the majority of seriously ill subjects. The first 
thing noted is an irritative state accompanied by hyperemia which fol- 
lows anemia; then formation of vesicles occurs. Thus far these are 
simple friction phenomena which are observed also in chafing of the 
t’eet. 

Hence, gangrene is not observable at this stage. As soon, how- 
' ver, as the epidermis is broken and the soft parts are deprived of the 
protecting epidermal covering, an infectious inflammatory process with 
h'structive character develops w'hich, because the tissues have,, already 
offered from prolonged nutritive disturbances in consequence of the 
'^Hmia (sec^ p. 637), rapidly results in death of the tissues. Putrid 
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states immediately follow, which either progress more superficially; 
decubitus superficialis, or rapidly extend into the depth, sometimes to 
the bones or even into the true pelvis: decubitus profundus. 

In gangrene of the aged, senile gangrene, the ves- 
sels are generally pervious (not occluded). A severe arteriosclerosis 
(with calcification of the media of the medium-sized and smaller arte- 
ries), however, is present, which, when cardiac weakness coexists, causes 
such marked slowing of the arterial blood-current that the nutrition of 
the tissues is greatly interfered with. As soon as these parts, which are 
markedly altered in nutrition, are subjected to any slight injur)'' (con- 
tusion, pressure, cold, inflammation) which would produce scarcely any 
reaction in a healthy individual, gangrene at once develops. Sometimes 
the arterial blood-pressure is so weak that marantic thrombi form in 
the veins. 

Senile gangrene, therefore, is a gangrene of weakness, de- 
bility, feebleness, which, like decubitus, always begins with irrita- 
tion: fluxion, edematous swelling, pain, and vesicle formation. 

Among those diseases which favor the occurrence of gangrene and. 
as it were, furnish a certain dis[>osition are diabetes mellitus ainl scor- 
butus, the latter especially in the oral cavity. 

PIGMENTATIONS. 

The color of the tissues of the visible external, as well a^ of the 
invisible internal, organs depends upon three factors: 1. vascularity, 
i.c., the filling of the vessels ( color of the red blood-corpuscles ) ; 2, 
the inherent color of the tissues (normal pigmentation, so far as they 
contain pigment'; the remaining tissues have a light-gray color), and, 
3, abnormal pigmentation (pathologic pigmentation). Thus, during life 
the visible normal mucous membranes are bright red solely because of 
the great vascularity of their surface, while poorly vascular parts are 
more or less pale. For example, the cornea is colorless; hyaline carti- 
lage is bluish gray-white; the epiglottis and inner lining of the aorta 
are yellowish, because beneath the mucosa and intima. respectively, there 
is a layer which is very rich in elastic fibers ( reticulated cartilage of the 
epiglottis; elastic rriedia of the aorta), and all parts which consist essen- 
tially of elastic material possess a yellowish hue. All highly vascular 
tissues which have no inherent color assume a light-gray or whitish- 
gray appearance when bloodless: e,g,, ordinary connective tissue, the 
lungs, etc. All other tissues with inherent color retain their charac- 

' Pigment, from pingere : to color, paint. 
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teristic hue also in the bloodless state. To these belong: the skin,i the 
muscles, and the spleen (these have a natural reddish color), the liver 
(grayish brown), the suprarenals, ganglion cells, the choroid with iris, 
the pigmented epithelium of tite retina, the arachnoid (yellowish to 
dark-brown pigment), and the hair.- Likewise, certain secretions (bile, 
urine, etc.) and the feces are, under normal conditions, always charac- 
terized by certain coloring matters. 

All these natural colors are not only subject to marked individual 
variations, but they vary also in the same individual within quite wide 
limits, depending upon internal (disease, nutrition, etc.) and external 
influences (light, heat). 

Certain anomalies, augmentations and diminutions or 
defects of the physiologic colorings, constitute the transition from 
these physiologic to the pathologic ])ignieiits. Here belong the 1 e u - 
coder niias ( leucoplakia ) and the abnormally intense pig- 
mentations. Doth groups may be congenital or acquired. 

Congenital pigment defects are represented by albinism; the 
acquired by chloasma album (vitiligo). Albinism is a disturbance 
of development, a partial pigment defect of the eyes,-* often associated 
with pigment defects of the hair and skin. 

Increase of pigmentation (excess) is congenital in the wxll-known 
birthmarks (vascular nevu.s, mevus pkimnitosns, melasma, nigritics 
partialis), and acquired in chloasma of pregnant women, consump- 
tives, in the pigmented scars of old ulcers of the leg, etc., and in freckles'* 
( ephelides ) . 

Tlie true pathologic pigments are formed by the body 
under definite pathologic conditions. They are divided into two groups : 
one group comprises the hematic pigments, which reach the affected 
j>arts from the blcKxl; the other originates in loco by transformation 
of pre-existing material: metabolic pigments. To the first group 
l>clong the b 1 o o d -p i g m e n t s in a strict sense, and the bile col- 
oring matters; to the second belong the pigment of brown 
atrophy, of melanotic tumors, and that of the skin in 
A d d i s o n ^ s disease ( melanosis ) . 

* The color of the skin (asitlc from the \ariable amount of blood) depends 
apon the pigment in the stratuw mucosum of the epidermis. According to the 
variety of this pigment are distinguished the black, brown, yellow, and white races. 
bi general, the color of the skin is found to be darker the nearer the equator is 
‘pproached. The color of the skin is inherited. 

^ In Europe two races are distinguished according to the color of the hair : 
die blond and the brunette, and mixed forms. 

^ Owing to lack of pigment in the iris and choroid and to its relative or com- 
^‘lete absence in the epithelial cells of the uvea, such eyes appear bright red, because 
f'le red Color of the blood shows through. . 

’These develop as a result of hyperemic and not of hemorrhagic states. 
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In contradistinction to these true pathologic pigments formed by 
the tissue there are certain colored foreign bodies which en- 
ter the organism from without, and are partly taken up without 
consequent pathologic states (the ordinary lung pigment, the dyes em- 
ployed in tattooing; argyria; blue line on the gums due to plumbism), 
and partly produce evident pathologic processes (pneumonokonioses; 
anthracosis, chalicosis, siderosis). 

Hematogenous Pigments, 

All blood-pigments are derived from the hemoglobin of the red 
blood-corpuscles. Wherever red blood-corpuscles are separated (by 
hemorrhage or thrombosis) from the circulation and altered, a partly 
light-yellow, diffuse, partly granular and clumped yellowish to yellow- 
brown, amorphous, partly crystalline blood-pigment is formed. The 
crystalline pigment is either somewhat needle-shaped, yellow-red to rust- 
brown in color or it fonns distinct rhomboids of a ruby-red color: 
hematoidin (probably identic with bilirubin). The needle-shaped 
blood-pigments lie chiefly in groups or rosettes. All crystalline blood- 
pigments contain no iron, and are insoluble in water, acetic acid, 
ether, and alcohol; they are soluble in chloroform and are destroyed 
by concentrated mineral acids, in that the color changes, first becoming 
brown-red, then green, blue, violet, rose, and, finally, dirty yellow.^ 

The same changes in color are observed under similar conditions, 
also in noncrystalline blood-pigments, which contain iron and are encoun- 
tered within as well as outside of cells. The granular, ferruginous 
blood coloring matter is designated as hemosiderin. The iron 
content, in contradistinction to the organic iron albuminate of the 
hemoglobin, may be demonstrated by micrcxrhemic reactions, in that 
addition of ammonium sulphide produces a black color, and treatment 
with potassium ferrocyanide and hydrochloric acid produces a blue color 
(Berlin blue reaction). 

Both blood-pigments — the aferrous and the ferruginous — frequently 
coexist in extravasates. 

The granular pigment often originates by shrinkage of the individual 
red blood-corpuscles to small pigment masses. From this granular pig- 
ment a blatkish, aferrous, and likewise granular coloring** matter 
(melanin) appears to be formed after a time, especially in old 
extravasates. Sometimes hemosiderin is transported through the agency 

1 In cutaneous hemorrhages, in blood-extravasated localities, sugillationa, 
from contusion, the extra vasate spontaneously undergoes visible changes of color: 
red, blue, green, yellow, brownish. 
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of cells (wandering, migratory cells), .so that the pigment appears at 
a point distantly removed from the place of its formation (blood- 
pigment metastasis). 

Localities in which blood-pigments are present in the organs in more 
or less large amount are readily recognized with the naked eye by the 
light-yellow to dark-brown color. L.arge accumulations of pigment im- 
ply, of course, large antecedent extravasates. Such large extravasates 
accompanied by pigmentation occur upon the inner surface of the dura 
in internal hemorrhagic pachymeningitis, and in lucmatoma dure matris 
resulting therefrom; upon the surface of the brain in trauma (fresh: 
cnccphalomalacia rubra corticalis; older, as pigmented cicatrices, plaques 
jauncs of the French), es|>ecially on the under surface of the frontal 
and temporal lobes; in the interior of the brain in spontaneous hemor- 
rhages [apoplcxia sanguinca), especially in the region of the large gan- 
glia ; in hemorrhages into tlie joints ; in all large extravasates into soft 
parts of the body; in hemorrhagic inflammation of serous membranes, 
the kidneys, etc. 

Disintegration of the erythrocytes and transformation of the hemo- 
globin occur not only when the red blood-corpuscles escape from the 
circulation, but destruction of the red blood-corpuscles may, under vari- 
ous conditions, take place also in the circulating blood. This is the case 
under the influence of various poisons which destroy the red blood- 
corpuscles and cause the hemoglobin to enter the blood-plasma. To these 
poisons l>elong arseniureted hydrogen and morel poison (helvella). In 
these |X)isonings h e ni o g I o b i n e m i a is first produced, and then, 
the hemoglobin being excreted by the kidneys, hemoglobinuria. 
In this process numerous precipitates of brown-colored masses — so-called 
hemoglobin infarcts — are formed in the renal tubules. The same changes 
are observed also in extensive burns of the skin. 

Disintegration of red blood-corpuscles and formation of pigment in 
the circulating blood occur also in intermittent (malarial) 
fever. The pigment is blackish in color (called melanin) and is 
aferrous. It develops as a result of the action of the hemameb«e (ma- 
laria plasmodia, q-v-)t which enter the red bl(X)d-corpuscIes and destroy 
them. In severe ca.ses brown, ferruginous hemosiderin also is found. 
These masses of pigment can be found in almost all organs, and in the 
severest cases of black - water fever impart to most of the 
organs a brownish to dark-brown appearance. 

In various organs, particularly in the liver, spleen, and bone-marrow, 
next in the kidneys and pancreas, a more or less intense deposit of yel- 
lowish, ferruginous coloring matter : siderosis ( hemosiderin ) , is 
'Sometimes observed. Quincke, who first drew attention to the occur- 
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rence of iron in these organs^ attributes these iron deposits to old, dis- 
integrating red blood-corpuscJes. To a slight degree this process is sup- 
posed to be physiologic, yellow hemosiderin and a colorless iron albu- 
minate being formed from the red blood-corpuscles. In markedly in- 
creased disintegration and reduced formation of red blood-corpuscles — 
as in the severe forms of anemia — the accumulation of ferruginous par- 
ticles is so marked, especially in the liver, that the siderosis can be 
recognized with the unaided eye and without microchemic reaction by 
the light rust-brown color. 

Through the action of the sulphureted hydrogen, present in the 
colon, upon adjacent parts of the liver and spleen, a circumscribed, dark, 
slaty coloration is often observed in these organs. This cadaveric 
“pseudo melanosis” is due to the formation of iron sulphide 
from the hemosiderin present in the parts. 

In the same manner, a slaty to blackish coloration (enteritis pig* 
mentosa) develops in the intestine — in the ileum as well as in the colon 
— when chronic catarrhs associated with hyperemia existed during life 
(rarer as a result of passive hyperemia), the hemosiderin deposited at 
these points during life being transformed into iron sulphide by the 
action of sulphureted hydrogen. 

In 1889 von Recklinghausen drew attention to the pigmentation 
designated by him as hemochromatosis. In this process there is ob- 
served, first, a brownish pigmentation of various organs (liver, lymph- 
glands, adipose tissue, vessel-sheaths, serous membranes ) by hemosiderin, 
and, second, an aferrous coloring matter, called by von Recklinghausen 
hemofuchsin, which is found chiefly in the smooth musculature of the 
gastrointestinal canal, most frequently in the longitudinal layer of the 
jejunum (particularly in tipplers). \'on Recklinghausen demonstrated 
the coexistence of both pigments (hemosiderin and hemofuchsin), and to 
designate this he introduced the term hemochromatosis. Hemo- 
fuchsin is distinguished from other blood coloring matter by the fact that 
it forms glistening, yellowish-brown granules or spherules which are 
readily extracted by alcohol. Apparently, it is a coloring matter conibined 
with fat. 

With these blood-pigments in a strict sense are to be classed several 
other coloring matters. Here belong the so-called lipochromcs, 
coloring matters the origin, composition, and significance of whidi are 
little known, which, combined with fat in the interior of fat-cells, occur 
inside the corpora lutea as so-called lutein, and in ganglion cells. 

In ochronosis^ (Virchow) there is a uniform, diffu^^ (totlc- 


t wsjpm «= yellow. 
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yellowish, brownish to blackish coloration of the intercellular substance 
of all cartilages, especially of the costal and bronchial cartilages; fur- 
ther, of the tendinous insertions, ligaments, lymph-glands, and vessel 
intima, especially within arteriosclerotic parts. This pigmentation is to 
be distinguished from the very much rarer, granular, rust-brown pig- 
ment of the cartilage cells themselves. In very marked degrees of 
ochronosis the cartilages the intervertebral disks) are totally black. 

Icterus^ develops as the result of absorption of bile coloring 
matters (bilirubin, etc.) by the blood and the deposition of them in the 
tissues (they appear also in the secretions and excretions). It is always 
first apparent in the liver as diffn^^e or granular pigment. The cause is 
most frequently mechanic obstruction to discharge of the bile. Bilirubin 
(like the diffuse blood-pigment) generally uniformly infiltrates the tis- 
sues as dissolved coloring matter. The deposition of fine, yellow'-red, 
needle-shaped bilirubin crystals is rarely observed, most fre- 
quently in the kidneys of the newborn with icterus neonatorum. Here 
they may fill the straight renal tubules and form so-called bilirubin 
infarcts (Orth). Cheniicly, bilirubin behaves like hematoidin; there- 
fore, it is assumed that it also is formed from hematin by splitting-off of 
iron. On addition of sulphuric acid it gives the same color reactions as 
hematoidin. 

Icterus may occur without obstruction to the outflow of bile. The liver-cells 
arc surrounded by blood-capillarics, from which they receive the material for the 
elaboration of bile. In this region of exchange between the liver-celU and the 
blood lies the cause of this form of icterus. Poisons may so act upon the hepatic 
cells that the bile formed by the latter is not discharged into the biliary channels, 
but into the blood (toxic icterus). The icterus occurring in infections and 
.septic processes also must be explained in this manner. This discharge of bile in 
a false direction, i.c., into the blood, is called diffusion icterus, para- 
P e d e s i s , p a r a c h o 1 i a . If for any reason {e.y., the liberation of abundant 
hemoglobin as the result of destruction of numerous red blood corpuscles in the 
blood, absorption of large hemorrhagic exudates) too much material for the elabora- 
tion of bile is at one time supplied to the cells, the latter produce more bile (hyper- 
‘ I'olia) containing a great amount of coloring matter (pleiochroraatic bile); 
often the cells cannot discharge all the bile in the usual manner through the btliar}* 
channels, and, as they are unable to retain it (acathectic icterus), part must 
be discharged into the blood (icterus pleiochromicus) , 

The bile coloring matters which have entered the tissues are excreted 
through the kidneys. Therefore, in icteric cadavers more or less bile 
coloring matter is always found within the renal epithelia, especially in 
the convoluted tubules, and, as a rule, most abundant in those epitheKa 
which present more or less marked organic changes, particularly doudy 

* The hiliafy iwids also enter the blood. 
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swelling. If, as usually is the case, hyaline tube-casts also are present, 
these are strikingly bright and palely stained. 

Every icterus is visible first in the liver ; hence, at necropsy, icterus 
confined to the liver is frequently observed. If the bile coloring matter 
has extended farther into the body, the biliary staining is usually best 
recognized in the conjunctiva and the intima of the vessels. On the 
other hand, the brain of adults is never icteric; icteric (yellow) staining 
of parts still free of or poor in myelin occurs only in the newborn. 

Icterus in valvular lesions, in pyemia, and in icterus neonatorum 
is considered by many (in contradistinction to ordinary hepatogenous 
icterus) as hematogenous icterus, caused by rapid disintegration of red 
blood-corpuscles, though this view is actively combated by others. 

Icterus neonatorum has thus far not been satisfactorily explained. It is not 
due to obstruction in the bile-ducts. Oestreich suggests that it may be the result 
of digestive processes occurring in the gastrointestinal canal immediately after 
birth (particularly bacterial and putrefactive processes), and of introduction of 
new foreign substances through the portal vein into the liver. Here the process is 
a kind of toxic action upon the liver-cells (toxic icterus), to which, however, the* 
cells soon become accustomed. In icterus neonatorum bile is present in the blood 
and is excreted through the kidneys, where it stains the uric acid infarcts occurring 
in the straight renal tubules, the apices of the pyramids, reddish or golden yellow. 

As a result of congestion of the bile, deeply bile-stained, partly 
golden-yellow, partly green, homogeneous concretions are often 
found in the bile-capillaries as small, quite highly refractive, sau.sage- 
and cylindric shaped, partly branched bodies. In long-continued and 
severe cases of icterus bilirubin is transformed into biliverdin; chronic 
green icterus, icterus viridis, is thus produced. 

Metabolic Pigments. 

The physiologic analogue of the pathologic, metabolic pigments is 
furnished by the normal pigments of the skin (yellow to brown), the 
choroid (brown), and of the epithelium of the retina (black). Here 
the pigment is united with special cells (pigment-cells). The pigment 
content of the skin depends upon individual (blond and brunette) and 
racial peculiarities, may vary within wide limits in one and the same 
individual, is generally markedly increased in summer upon exposed 
parts, especially under direct action of air and the rays of the sun, and 
disappears in winter. Therefore, it is dependent to a great degree upon 
external influences. It is always more pronounced in certain portions 
of the body (areola of the nipple, vulva, scrotum) than in others; under 
certain conditions it is very markedly increased in some localities without 
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being pathologic, c,g., in normal pregnancy in the vicinity of the nipple 
areolapi and the linea alba. 

In pathologic metabolic pigmentation there is either increase — excess 
—of the otherwise normal pigmentation or appearance of pigment in 
localities and cells which, under normal conditions, form no pigment. 
To the first group belong the often very intense and, therefore, marked 
pigmentation of the skin during pregnancy {chloasma uterinum) \ 
summer freckles {lentigo (cstwa, cphciidcs), which, as the name 
indicates, occur chiefly in summer, but in certain individuals do not 
disappear in winter ; congenital pigment marks ( nann) and pig- 
m e n t e tl warts. 

In Addison’s disease (morbus Addisonii) the skin, owing to increase 
of the cutaneous pigment, acquires a brownish to brownish-gray, bronzed 
hue (b r o n z e d s k i n ) , especially in localities which normally are highly 
pigmented. The pigment is located partly in the form of granules in 
the deepest epithelial layer, partly within wandering corpuscles (chro- 
matophores), partly within the branched connective-tissue cells imme- 
diately beneath the epithelium. Pigment is found also in the adventitia 
of the vessels of the cutis, w'here, under normal conditions, no pigment 
exists. In higher degrees and in cases of long duration, pigment maculae 
similar to those of the external skin occur also in the oral mucous mem- 
brane. On the other hand, cases of bronze disease occur in which dis- 
tinct pigment defects are recognizable. 

The pigment (melanin) in pigmented — melanotic — tumors, which 
so often develop from pigmented nevi, moles, and pigmented warts, is 
an aferrous, sulphur-containing coloring matter of yellowish, brownish 
to blackish hue. which is formed within the tumor-cells in irregular, 
•smaller and larger granules and clumps. As this pigment is aferrous 
and contains sulphur, the consensus of opinion is, that it is not derived 
directly from the blood ; at least, it must be assumed that the cells are 
especially active in the formation of the pigment from the coloring matter 
of the blood. That, in spite of this, there is a certain dep^idence upon 
the blood, appears from the fact that often the most intense pigmenta- 
tions are found in the immediate vicinity of the vessels. M e 1 a n u r i a 
is sometimes present in individuals suffering from melanotic tumors. 

A number of organs pos.sess pigment, but usually to only a slight 
degree: c.g,, the heart, liver, testes, suprarenals. In advanced age this 
pigment alw^ays increases in amount and, as at the same time there is 
diminished function, the increased pigmentation is attributed to retro- 
grade changes in the cells. This pigment is amorphous, granular, or in 
clumps ; sometimes yellow, sometimes brown ; occasionally, when severe 
general and more chronic nutritive disturbances exist, and also in youth- 
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ful individuals, it occurs in such abundance that the affected organs have 
a more or less distinct brown color: dcgcneratio fusca. If, at the same 
time, distinct signs of atrophy (diminution from nutritive disturbances) 
are present, as is frequently the case, the condition is designated as 
browu atrophy of the affected organs (liver, heart, etc.). In the 
heart this aferrous pigment is deposited chiefly at both poles of the 
muscle nucleus, and there forms small clumps which often have the 

form of equilateral triangles. Within 
the liver-cells the quite dark brown pig- 
ment usually forms smaller and larger 
clumps in the region of the nucleus. 

In all these pigments still unknown 
material is transformed (metabolicly) 
into coloring matter by the vital activity 
of the cells and accumulated in the cells. 

Foreign Pigments. 

The ordinary black pigment of 
the lungs is inhaled vegetable carbon 
(smoke, soot). This is looked upon 
as physiologic, since it occurs every- 
where in the lungs without causing 
demonstrable injurious effects. The 
lungs of domestic animals also contain 
the same pigment. The black pigment 
of the lungs is generally quite rapidly 
transported to the bronchial glands, 
and, when vascularized adhesions exist 
between the pleurae, also to the costal 
pleura. Transportation occurs by way of the lymph-channels. 

The lungs of coalminers and other mine workers frequently contain 
such an abundance of physiologic pigment that the whole lung assumes 
a more or less intense black color : anthracosis. In stonecutters 
quartz fragments enter the lungs as dust and are deposited in the same 
localities as ordinary black pigment of the lungs : chalicosis. The 
deposition of red iron oxide in factory workers is much rarer : sidcrosis 
pulmonum. 

In these three processes — the pneumokonioses — the whole lung^tissue 
gradually becomes indurated. 

Aside from the bronchial glands, all these pigmented foreign bodies 
are deposited chiefly and, at first, almost solely in the true connective 



Fig. 28, — Brown atrophy of the 
heart, k, nuclei; at ♦ two nuclei 
in one cell ; e, Eberth’s cement 
lines; /», clusters of granular, 
brown pigment at both poles of 
the nuclei. (Zeiss Apochr., 4 ; 
Comp, Ocul., 4. After Longer^ 
hans.) 
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tissue, i.e., in the neighborhood of the bronchi, in the vessel-sheaths, in 
the pleura, and in the connective tissue which unites the individual lobuli. 

Black pulmonary pigment is sometimes especially abundant in 
slaty indurations of the lungs resulting from chronic inflam- 
matory processes {phthisis indurativa pigmentosa) : black phthisis. 
This is probably due partly to the fact that the lymph-channels are 
obliterated and the pigment, therefore, cannot enter the bronchial glands. 
All black pigment within slaty indurations of the lung consists of carbon. 
Under certain conditions, in absorption processes, c.g., in alveolar em- 
physema, the pigment enters the circulation and is then deposited in other 
organs: liver (principally wdthin Glisson’s capsule), spleen (especially 
in the follicles), and kidneys. 

In agyria, resulting from continued therapeutic use of silver 
nitrate, precipitates of silver occur in minutest, punctiform distribution 
in various parts of the body, c.g„ in the rete !Malpighii and the stratum 
mucosum of the epidermis, in the sweat-glands, glomeruli, tunica propria 
of the renal tubules, etc, (Compare Metastases. p. 94.) 

In tattooing, pigments (carmine, carbon, etc.) are rubbed into 
the skin through fine punctures. Part of these pigments remain in loco; 
another portion enters the lymph-channels, is transported to the nearest 
lymph-glands, and there deposited near the hilus. 

In ch r o n i c lead poisoning through the gastrointestinal 
canal, the so-called “blue line*’ (lean line, gingival line) develops upon 
the gums — ^a bluish-black coloration of the gums at the junction with 
the teeth. This is due to deposition of minute particles of lead sulphide 
beneath the epithelium in the neighborhood of the vessels. (For blood 
changes, see p. 326.) 


DEGENERATION. 

Degeneration is always a passive process in which the elements, 
although preserved, are in a state of diminished function. The changes 
are first of a chemic nature, but morphologic alterations also soon become 
manifest. Diminution in function always conveys the conception of 
transformation into an inferior tissue. Calcareous, amyloid, 
hyaline, waxy, colloid, mucous, albuminous, and fatty 
degenerations are distinguished. In the four first forms the 
persisting tissues become firmer, denser, and more resistant to reagents. 

Calcareous degeoeratioii, or caidficatioiiy is exemplified by 
petrification (infiltration of silicic acid wdth preservation of structure), 
and originates by separation of lime-salts from the blood and deposition 
of minute granules of carbonate and phosphate of lime in the tissues 
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(infiltration, incrustation). In deposition of large amounts, the indi- 
vidual granules usually coalesce to form a homogeneous, glass-like mass. 

Three varieties of calcareous deposits must be differentiated: — 

1. Petrification: In this process stony masses, consisting 

either of lime-salts (calcification) or urates 
(gout), are deposited in the tissues. 

2. Ossification: This is an active metaplastic process which 

results in the formation of true osseous tis- 
sue (with bone-corpuscles). 

3. L i t h i a s i s : True stone formation within cavities and 

tlucts. This has nothing to do with the tis- 
sue: gall-stones, urinary calculi, fecal cal- 
culi. salivary calculi, prostatic calculi.^ 

Calcification (petrification, or calcification, in a strict sense) is 
either an atrophic, retrogressive process — c.g„ in calcareous deposition 
in the cartilages of elderly people and in calcification of the aorta and 
arteries in arteriosclerosis — or simple calcification of (lead masses. These 
may belong partly to the body, as, for example, lithopedion (the dead 
and calcified ectopic fetus), or be introduced partly from without (c.g,, 
dead entozoa: cysticerci, echinococci, trichinse. pentastomum). To 
petrification of dead masses belong also the calculi originating from 
calcification of organic substances (c.g,, pathologic caseous material): 
pulmonary calculi- (calcified caseous masses in ectatic bronchi or in 
ulcerated lung cavities) and vein-stones (phleboliths, calcified thrombi). 

In calcification, lime-salts in solution infiltrate those parts which 
become the site of the lime-salts and are there deposited by conversion 
from the liquid into the solid state. The combinations thus formed are 
generally phosphate and carbonate of lime, frequently combined with 
salts of magnesia. These Hme-salts can readily be dissolved by mineral 
acids; in the solution of carbonate of lime active liberation of gas occurs: 
carbonic acid. Under the action of sulphuric acid calcium sulphate— 
the well-known gypsum crystals — is produced. 

Ossification is always preceded by alteration of the tissues, in which 
either an increase of the cells occurs or the intercellular substance becomes 
denser and more homogeneous ; cartilaginification. 

In cartilage (of the ribs, larynx, trachea, bronchi, etc.) and arteries 
petrification as well as ossification occur. Calcification of cartilage, which 
is of such frequent occurrence in advanced age in the so-called perma- 
nent cartilages (costal cartilages, etc.), has its physiologic analogue in 

^ For description of the various calculi, sec the sections dealing with the organs 
affected. 

2 These are sometimes expectorated. 
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the zone of preliminary calcification of growing tubular bone. It begins 
with deposition of lime-salts in the capsules of the cartilage cells, and, 
after these are filled, incrustation of tlie true (remaining) intercellular 
substance takes place. When the lime-salts are dissolved, the old cartilage 
(but not, however, decalcified bone-tissue) reappears. 

Ossification of permanent cartilages is quite frequently observed in 
the larynx and trachea, seldonier in the costal cartilages, in old age and 
sometimes also in earlier life, particularly when marked obesity or 
catarrhal aflfections of the respiratory passages coexist. 

In petrification it is of decided significance for the vital function 
whether the lime-salts are located in the intercellular sub- 
stance or in the cells themselves. Calcified cells represent 
dead, functionless, and consequently useless parts. In calcification of 
the basement substance, on the other hand, the affected parts are not 



Fig. 29.— Pulmonary calculus, natural size. 

(After Laugerhans,) 

to be regarded as dead ; so long as the cells live, nutrition of the parts 
continues; in many cases only the function is more or less disturbed. 

Calcification of cells, however, always prcvsupposes their previous 
death, since living cells never calcify. Hence, ganglion cells of the 
cerebral cortex, which, after trauma (blow, fall, etc.), are so often found 
calcified at the point of strongest violence, are dead before they become 
the site of deposit of lime-salts. If the trauma was sufficient to cause 
liemorrhagic destruction of the cerebral cortex and, later, to produce pig- 
mented cicatrices upon the surface, the at first granular, later more 
humogeneoUvSly calcified, ganglion cells and their proce.sses (the region 
of the nucleus is usually free of lime-salts) will be found in the periphery 
of the brown-pigmented cicatrices. 

In calcification of the fiber-cells of the crystalline lens (in white 
cataract with chalky appearance) these also die before calcification. The 
same holds good also for the cpidermoklal cells, which, when they 
coalesce during calcification, form a kind of sand; for the adipose- 
tissue cells in fat-tissue necrosis, and for the musculature — 
the striated muscle, P.flr., of the heart, as well as, and more frequently, 
the smooth muscle, particularly in advanced age. 
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In the mediujn-sized and smaller arteries it is chiefly and quite oiten 
the media winch calcifies, the individual muscle-hbers first becoming Rlkd 
with Jime-salts. In this stage the calcified spindle-shaped elements can 
generally be recognized by the nake<l eye as very minute striae (fresh: 
yellowish; dried: white). The greater the number of calcified cells, 
the less distinct the striation and the more rigid the arterial tube. Finally, 
the adjacent dead lime-spindles coalesce to form a uniform lime-plate, 
lime-salts being deposited also upon the surface of the spindles. 

In calcification of large arterial trunks : aorta, carotids, iliacs, etc,, 
the site of the lime-salts is not the predominant elastic media, but the 
intima. Here, besides ordinary petrification, ossification also occurs 
within the arteriosclerotic areas. 1 he bone-corpuscles, however, are very 
seldom so well developed as in ordinary bone; as a rule, they are very 
small, slightly serrated, somewhat scanty, and difficult to recognize. 
Petrification is generally preceded by a more oi less homo- 
geneous, hyaline metamorphosis of the basement substance. This is the 
case in calcification of old adhesions of serous surfaces, of fibrous cal- 
losities of the muscles, as a result of which the so-called^*exercise’* and 
“riders'” bones {myositis ossificaus) are produced; of contracting 
cicatricial connective tissue in the region of foreign bodies, parasites, 
and dead tissue (fibrous cap.sules). 

Psammomata, sand tumors, and the closely allied psani- 
mosarcomata and psammocarcinomata occupy a position 
intermediate to both the preceding groups — i.c., between calcification of 
the cells and calcification of the intercellular substance — in so far as calci- 
fication of the cells as well as of hyaline degenerated intercellular sub- 
stance and hyaline degenerated vessels, respectively, occurs. In the first 
case (psammomata) the so-called sand granules are chiefly round, and, 
like the physiologic brain sand of the pineal gland, are conccntricly 
laniellated; in the second case they form irregular spicula, needles, an<l 
rods, and are also partly lamellated. 

In f i b r o m y o ni a t a of the uterus, so-called uterus-stones — ra/- 
culi utcrini — are formed after previous homogeneous metamorphosis of 
the connective tissue through calcification, which usually involves also 
the smooth muscle-cells. On maceration these stony formations, which 
sometimes reach the size of a child's head, yield a friable mass; they 
are not, therefore, true stones, but calcified tumors which have grown 
from the uterine wall. 

Homogeneous calcification, which partly involves the vessels, partly 
the elastic fibers and the homogeneous basement substance of the lung 
tissue, is sometimes observed in the lungs. Usually the cause is 
unknown ; the tissue, however, is not dead. In some cases this calcifica^ 



degeneration. - 14 ^ 

tion is due to sudden surcharging of the body with lime-salts as a result 
of excessive absorption of lime-salts and synchronous retardation of 
excretion through the kidneys (lime metasta.sis ) . The same holds good 
also for the occurrence of lime in the stroma of the stomach. 

In the kidneys lime may occur as so-called lime-infarcts in 
three different localities : first, in granular form within the tunica propria 
of the collecting tubules of the pyramids, especially after antecedent 
catarrhal papillary nephritis ; second, as solid cylinders, with roughened 
surfaces, in the lumina of the straight and convoluted tubules, and, 
third, in corrosive sublimate poisoning as incrustation of the epithelia 
injured and rapidly killed by the intoxication. 

In gout^ there is excessive formation of uric acid and defective 
excretion through the kidneys and skin. Consequently, there is, in a 
measure, overloading of the blood with uric acid,^ or at least a distinctly 
demonstrable increase of the uric acid content and a deposition — locali- 
zation — (Tf urates in the internal organs, especially in the intercellular 
substance of poorly vascularized parts: in the hyaline articular carti- 
lages, in the capsular ligament and the articular ligaments, the tendons 
and tendon-sheaths, the synovialis, and in the perichondrium (after the 
manner of infiltration). In this way are produced irregular, friable 
protuberances with mortar-like contents, e,(j,, upon the ear and in the 
region of the joints: tophi.'* Acid sodium urate crystallizes in rhombic 
{dates which sometimes are so fine that they appear like minute spicula. 
Why large amounts of uric acid instead of urea are formed is unknown. 
The infiltration of uric acid salts into the joints is always preceded by 
a ‘‘gouty attack'* — an artliriiis urica — an inflammatory irritation of the 
joint accompanied by redness of the synovialis and slight increase of the 
synovia. Chronic nephritis urica is not the result of uric acid infarcts, 
for it exists also in the absence of uric acid infarcts. The irritamentum 
is rather the overloading of the blood with uric acid or the result of 
disturbance in metabolism. 

In lithiasis (cholelithiasis, coprolithiasis, urinary calculi, salivary 
calculi, prostatic calculi) — /.c., true stone formation — «tbnes form 
in the body cavities and ducts lined with epithelium. The substances of 
which the stones are composed vary according to the locality in which 
they occur. They usually develop by separation of insoluble compounds 
from the secretions and excretions of the body, and union with lime- 


^ Gout is derived from gutta, a drop. 

2 The excessive amount of uric acid in the blood and the deposition of urates 
in various localities have given rise to the designation “uric acid diathesis/’ 

* Tophi of the aural cartilage are small, pinhead- to pea- sized, quite iirm 
swellings in the upper portion of the aural cartilage, especially the upper portion of 
the groove of the helix. 
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salts. The primary cause may be an unusually abundant amount of a 
salt excreted with a secretion and consequent ready precipitation; in 
other cases the exciting causes are foreign bodies (blood-coagula, cor- 
pora aniylacea, cherry pits, prune stones, pins, etc.), upon which lime- 
salts and other precipitates are deposited (see Fig. 30), and, finally, inspis- 
sated masses, e.g., exuded and especially aggregated cells which, becoming 
massed, may form the nucleus upon which precipitates are deposited ; this 
is frequently the case, for example, in cholelithiasis in the gall-bladder 
and bile-ducts.^ 



Fig. 30. — ^Vesical calculus formed around hairpin. hVoni female 
bladder. Slightly reduced. 

Amyloid degeneration (X'irchow) is characterized by the occur- 
rence of a foreign substance which .shows a peculiar iodine reaction. 
Upon the addition of iodine amyloid parts^ assume a wine-red color; 
all other animal tissues become yellow, except the red blood-corpuscles, 
which assume a similar, but deeper red color than does amyloid. If a 
little concentrated sulphuric acid is added to amyloid substance after 
treatment with very dilute iodine solution (Virchow), a blue color — the 
same color presented by starch-granules on addition of iodine alone — 
appears, provided the reagents have been properly used. Because of thh 

1 For description of the different varieties of stones, see the diseases of dte 
various organs concerned. 

Are colored red by methyl-violet (Jurgens) and subsequent differentiation in 
acidulated water, while all other parts take on a blue color. 
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similarity to starch, amyloid^ has received its name. It is a nitrogenous 
substance chemicly closely related to the albumin bodies, readily dis- 
solved by trypsin digestion, and quite resistant to pepsin, but is finally 
dissolved, especially in the pulverized state, by the action of pepsin and 
hydrochloric acid. Amyloid' change has recently been experimentally 
produced in animals by frequently repeated introduction of bacteria, 
bacterial products, turpentine, etc. 

Besides amyloid, other bodies which frequently are found in the 
animal organism assume, on addition of iodine, a color deviating from 
that of the animal tissues. To these belongs glycogen, which is 
found more frequently in embryonic than in adult tissue. This, like 
amyloid, assumes, on addition of iodine, a wine-red color, but does not 
turn blue, but only somewhat darker, on subsequent treatment with sul- 
phuric acid. Cdycogen occurs in the liver-cells, cartilage-cells, in many 
tumors, etc. 

The .so-called corpora atnylacca are rounded or oval, conccntricly 
lamellated bodies (tlie center is usually situated somewhat eccentricly) 
which, on addition of iodine, assume the same blue color as vegetable 
starch. The color is not always the same: sometimes it is more gray, 
occasionally green (green is composed of blue [corpora amylacea] and 
yellow [stained albuminous substance]), occasionally also brown. The 
corpora amylacea of the central nervous system give the purest blue 
coloring; they occur in normal states (from about the twentieth year 
of life onward, never in the newborn), as well as under pathologic con- 
ditions, especially in atrophic (necrobiotic) and sclerotic processes. They 
arc most readily found in the ependyma, at the point where the white 
medullary substance borders on the ventricles. 

The pulmonary corpora amylacea lie in the alveoli and sometimes 
fill the greater part of the individual alveoli. 

While the amylaceous bodies thus far discussed are never recog- 
nizable with the naked eye. but are demonstrable only with the micro- 
>'Cape, the corpora amylacea of the prostate, which are always present 
in old men, can quite readily be seen with the unaided eye. First, they 
are quite large (they have been observed the size of a hemp seed, sev- 
eral small ones being inclosed by common, new lamell(e quite analogous 
to concretions formed from fluids), and, second, they are usually col- 
ored: yellow to brown. On transverse section they usually appear as 
more or less large, yellow-brown puncta, especially in the immediate 
v icinity of the larger excretory ducts, and are located in the ducts lined 
with cylindric epithelium. The more coloring matter these prostatic con- 
cretions contain, the less blue do they stain on addition of iodine; the 

1 a» amylon, starch ; — form. 

10 
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yellow become green. In addition there are also colorless corpora ; these 
probably represent an earlier stage of the others, and frequently are 
located more in the periphery of the prostate. 

True amyloid degeneration in its earliest stages has a certain 
similarity to calcareous infiltration, in so far as the amyloid substance 
gradually infiltrates the cellular parts and transforms them into dense, 
firm, homogeneous, colorless, glassy, inelastic, very friable, nonnucleated, 
and quite dry masses. Whence this substance is derived — whether it is 
separated from the blood, as in the case of lime-salts, or whether it is 
formed from the cellular material present — is still a matter of dispute. 
Some observations render it highly probable that it is a substance in 
solution in the blood which is deposited in solid form through the agency 
of the cells in certain localities, as is the case with lime. 

Amyloid degeneration is most frequently confined to the abdominal 
organs. In the brain and in the true pulmonary parenchyma, amyloid 
has not as yet been observed, and in the heart quite rarely. The spleen, 
kidneys, liver, gastrointestinal canal, and lymph-glands are most fre- 
quently affected, but not in definite order. The gastrointestinal canal 
is more frequently affected in its middle portion (ileum), but sometimes 
throughout its whole extent from the tongue to the anus. Besides the 
organs mentioned, amyloid is not infrequently found in the following 
organs : suprarenals, thyroid ; in the mucous membranes of the urinary 
organs and of the respiratory passages; in the muscles; in the uterus; 
in the cells of the permanent cartilages, and in the panniculus adiposus. 
When amyloid occurs in the last-mentioned organs it is usually very 
marked in the large glandular organs of the abdomen; from this it is 
shown that the abdominal organs are almost always first and most 
intensely affected. Not until a certain degree of change is reached in 
these parts are the other parts involved in the process. On the other 
hand, the amyloid change may be quite local, c,gf,, in cicatrices, especially 
syphilitic; in inflammatory new formation; in tumors (gumma, sar- 
coma), and not infrequently in the conjunctiva (q.r’.). Here the amyloid 
substance forms small nodules which probably originally consisted of a 
connective-tissue matrix. 

The occurrence of amyloid substance is always connected chiefly 
with the vessels, either with the blood-vessels or the lymphatic vessels. 
If the blood-vessels are affected, the smallest arteries are always first 
involved, and the site of the amyloid material is always the muscle-cells 
of the media. These, analogous to the process in calcification, are trans- 
formed into homogeneous, amyloid spindles. Here a marked swelling 
of the spindles invariably occurs, which causes a diminution of the vessel 
lumen. The process advances from the smallest arteries to the cap^laws 
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and the parenchyma. The capillaries are thus transformed into thick- 
walled tubes with very narrow lumen. The result is ischemia of the 
affected area, which, according to the lesser or higher degree, causes 
mild or severe nutritive disturbances. Therefore, in severe amyloid 
degeneration all nonamyloid parts are more or less filled with fat, c.g,, 
in the kidneys, in the epithelia and the stroma. 

The question whether in severe cases the parenchyma of the organs 
(liver-cells, renal epithelia, etc.) is likewise finally involved and trans- 
formed into amyloid masses is still a matter of doubt. The views in 
this regard are greatly at variance; some authorities claim to have 
observed amyloid degeneration of the epithelia, especially glandular 
epithelia ; others have failed to convince themselves of this occurrence. 
In spite of years of continued investigation, the author has never been 
able to observe amyloid degeneration of the liver-cells. The liver-cells 
disapf)ear by atrophy. 

While it was formerly assumed that the occurrence of amyloid 
substance was essentially connected with the cells, the observations of 
recent years tend rather to show that in the beginning of amyloid degen- 
eration this foreign substance is first visible outside the cells. In more 
marked degrees this change frequently extends from the vascular ap- 
paratus to the surrounding connective tissue {c.g,, in the intestinal villi). 
The inclination is to assume that this amyloid metamorphosis of the 
connective-tissue basement substance is frequently, if not always, pre- 
ccfled by hyaline transformation,^ and, since the occurrence of amyloid 
is always accompanied by disappearance of nuclei, it is very probable 
that those parts which become the seat of amyloid degeneration were 
])reviously in a state of diminished function — in a diseased conflition — 
or already dead, and thus prepared for this chemic and morphologic 
change. 

All amyloid parts are <lead parts. They differ, however, from other 
dead parts by the fact that they remain in the state attained and are 
subject neither to progressive nor retrogressive changes (in this respect 
there is a certain parallelism with calcified dead parts). Involu- 
tion is possible only through the agency of living cells (migratory cor- 
puscles, giant cells), and occurs wdien, in existing amyloid degeneration 
of the spleen, an infarction of the .spleen undergoes involution. 

^ Tsunoda states (Virchow's Arch., Bd. 202, p. 407) that amyloid originates 
'directly without antecedent hyaline formation. He was able always to determine 
duit in the initial stage of development of amyloid the connective-tissue fibers never 
^ hyaline degeneration, but that direct transformation of collagenous substance 
’’>to amyloid substance occurs. Amyloid formation is regarded by him as a fer- 
. ^ ntattve coagulation process, in which the proteid substances present in the tissue 
‘inph are precipitated, whereby the rigid material thus produced is deposited in the 
’ -sue spaces. 



148 


DEGENERATION. 


As amyloid parts always become more bulky in amyloid degenera- 
tion, enlargement in the volume of the organ results, de- 
pending upon the intensity and distribution of the process. At the 
same time the consistency of the organs increases, because amy- 
loid substance is dense and inelastic in character, f.c., the organs are 
firmer and harder on palpation, and may finally become as hard 
as old brittle rubber. As amyloid substance is quite dry, the surface 
of the organs acquires a less moist and finally a dry appearance. 
In marked amyloid degeneration the aflFected organs become more and 
more transparent, owing to the homogeneous, glassy, and colorless char- 
acter of the amyloid deposit. The color changes according to the vas- 
cularity and amount of blood in the adjacent parts. If, for example, 
the surrounding parts are red (from the presence of blood), the red 
shows through the amyloid tissue, giving the false impression that the 
amyloid substance itself is red. Owing to the narrowing of the vessels 
and consequent ischemia caused by swelling of the amyloid ])arts, amyloid 
organs are pale or, when amyloifi substance is unequal in distribution 
and intensity, strikingly mottled, pale, and red; and as atrophic retro- 
gressive changes of the parenchyma of the organs accompany the more 
or less severe local anemia (from nutritive disturbance), the function 
of the organs is markedly diminished and finally abolished. 

In the spleen amyloid substance occurs either in the folli- 
cles or the pulp. Accordingly, sago-spleen (because the amy- 
loid follicles look like cooked sago-grains ) and bacon-spleen are 
differentiated. As all parts which undergo amyloid degeneration are 
swollen, there is always an increase in volume in sago-spleen and bacon- 
spleen: tumor licnis. The consistency is firmer relatively more fre- 
quently in baconil>[>leen. The loss of elasticity is very striking, in con- 
sequence of which it is possible to produce pitting on pressure with the 
finger. In sago-spleen the strongly enlarged follicles are glassy gray, 
the pulp red; on addition of iodine: follicles red and pulp yellow. In 
bacon-spleen the pulp is not entirely colorless, because the red color of 
the blood in the congested vessels can be seen through the amyloid sub- 
stance; it has a striking glassy, reddish-gray appearance, and on addi- 
tion of iodine assumes a red color, while the follicles stand out more or 
less distinctly as small yellow puncta. In sago-spleen the amyloid degen- 
eration involves the lymph-vessels; in bacon-spleen the blood-vessels. 
Not infrequently both the pulp and follicles are the scat of amyloid 
degeneration. Amyloid degeneration of the 1 i v e r generally begins in the 
intermediary zone of the acini.i Often at first only the arteries are 

1 The central zone of the acini is the scat of brown atrophy ; the peripheral 
zone, that of fatty infiltration. 
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affected. Atrophy of the parenchyma invariably occurs as a result of 
the intense anemia. Consequently, there is always more or less distinctly 
pronounced diminution in the secretion of bile. 

In the gastrointestinal canal, besides the small and 
minutest arteries of the mucosa, submucosa, and subserosa, the villi 
especially are involved, whereby a marked <listurbance in absorption 
of the chyme is produced and a tendency to diarrhea develops. Either 
more or less of all the villi or only the capillary loops in the villi are 
the seat of amyloid degeneration. 

In the kidney principally the vessels are involved by amyloid 
degeneration, namely, first the glomeruli in the cortex (appear to the 
naked eye as red dots on staining with iodine), next the vessels of the 
pyramids (fine red stride in the ])yramids on addition of iodine). From 
the loops of the glomeruli the process then spreads backward to the 
afferent vessels, and, later, also onward over the whole arterial and 
capillary area. The narrowing of the amyloid degenerated vessels at 
first causes irregular, later more general and uniform, ischemia. Al- 
though amyloid degeneration of the kidney cannot positively be diag- 
nosticated with the naked eye, attention is freciuently directed to an 
amyloid affection by the tumefaction, the mottled reddening, the firm 
consistency, and the translucent character. From a functional stand- 
point, amyloid degeneration of the kiilney is (|nite similar to paren- 
chymatous nephritis; there is albuminuria. In very marked amyloid 
degeneration the tunica propria also is always the scat of amyloid change. 
On the other hand, it is (j[uestionahle whether the epithelia also finally 
are involved in the amyloid change, since opinions are at variance. 

In the 1 y m p h -gl a n (1 s the affection is similar to that occur- 
ring in the spleen. The process always begins within the follicles of the 
cortical layer at the point of entrance of the afferent lymph-vessels, par- 
ticularly in bone suppurations, The alteration of the lymph-glands is 
accompanied by a similar change in the lymj)h-vessels. 

In the heart, adipose tissue, testes, suprarenals. thyroid gland, etc., 
the amyloid change begins in the bloo<l-vessels, and with increase of the 
process advances from there to the connective tissue. 

Frequently several organs arc synchronously or successively in- 
volved, though there is no definite order; sometimes one, sometimes 
another, organ is the primary focus; sometimes several organs or only 
a single organ may be the seat of amyloid degeneration. As soon as 
several organs become involved, the cause is die same for all. There are 
three affections particularly which, in the advanced stages, are compli- 
cated by amyloid degeneration, namely, tuberculosis, chronic suppuration 
bone, and syphilis. 
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Higher degrees of amyloid degeneration are always accompanied 
by pronounced states of cachexia, dropsy, and a marked degree of anemia 
and marasmus. 

As regards its physical appearance, hiraline d^enetation (von 
Recklinghausen) possesses a certain resemblance to amyloid degenera- 
tion. The hyaline masses are homogeneous, colorless, glassy; they are 
swollen and have a strongly refractive index, but give no iodine reac- 
tion (do not stain with iodine). They have an especially great affinity 
for the acid aniline dyes: eosin, acid-fuchsin (which cannot, however, 
be considered a specific staining, since other tissues also stain with these 
dyes), and are refractory to water, alcohol, ami organic and inorganic 
acids (acetic acid, sulphuric acid). Hyaline substance is an albuminate 
the occurrence of which is confined essentially to connective tissue (old 
and new) and fibrin; in this regard, however, there is no unanimity of 
opinion. Von Recklinghausen designates as hyaline many other things 
which appear homogeneous. In the connective tissue it is the fibrillated 
basement substance which, as it were, swells, becomes broader and more 
transparent. An exactly similar change is not infrequently observed in 
the so-called reticular connective tissue of the lymph-glands, through 
which, upon gradual disappearance of the nuclei, a somewhat plump, 
homogeneous, and irregular stroma develops. The smaller vessels ap- 
pear to be quite frequently altered in this manner, their walls being con- 
siderably swollen (especially in the brain, thyroid and lymph glands), 
and also the intima of the aorta (in chronic endoaortitis deformans), 
and the thickened valves of the heart in endocarditis. In some cases 
the hyaline-degenerated connective tissue gives a partial amyloid color 
reaction, for which reason it appears to be justifiable to assume that 
hyaline degeneration may be the early stage of amyloid change. In 
fresh and in old coagula (thrombi) a hyaline transformation by a kind 
of inspissation is frequently observed, in which the fibrin becomes 
homogeneous, loses its fibrinous form, and can no longer be teased. 
Weigert is of the opinion that fibrin manifests the hyaline character 
especially when it is subjected to the action of abundant plasmatic fluid. 

In its external appearance waxy degeneration of the striated 
musculature (Zenker) is very similar to amyloid and hyaline degenera- 
tion, and is, therefore, classed sometimes with one, sometimes with the 
other, process. The transverse marking is lost and the primitive muscle- 
bundles are transformed into homogeneous, glistening, and very friable 
cylinders. 

Waxy degeneration was first observed in typhoid fever, but it occurs 
in many acute infectious diseases and in the neighborhood of extravasateSn 
injuries, inflammatory foci, and in tumors. (See Fig. |1.) 
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In colloid^ degeneration (also called gelatinous, gelatiniform 
degeneration^) clear, bright, spheric albumin masses (alkali albuminate) 
are secreted by cells, which, on contact with fluids rich in salts, are 
transformed into a kind of gelatinous mass, concretion. The 
colloid masses are insoluble in water and swell slightly under the action 
of alcohol and acetic acid; they are firm, rigid masses which are easily 
friable and then present fracture surfaces similar to glass. They are 
either slightly yellow or colorless. If larger masses are secreted, dis- 
tinct concentric lamellation can frequently be observed ; the central parts 
are distinctly and often quite darkly 
colored, yellow, and brown. This 
coloration gradually diminishes from 
within outward toward the younger 
lamellae. A point of predilection for 
these colloid masses is the thyroid 
gland, especially in struma gclatinosa 
Similar masses are secreted by the 
epithelia of the kidney and, on contact 
with salts of the urine, form strongly 
refractive, rounded, or elliptic concre- 
ments.^ They are not hollow, but solid 
masses which occlude the lumina of the 
urinary tubuli. The greater the num- 
ber of concretions formed, the more 
the urinary tubules (and likewise in 
struma gclatinosa the acini of the thy- 
roid) are dilated, the epithelia at the 
same time becoming flatter. The latter 
gradually disappear ; the interstitial substance between the various urinary 
tubuli atrophies until, finally, small cysts are produced by confluence of 
the tubules. The solid masses subsequently may be transformed into a 
richly albuminous fluid. 

Mucoid degeneration has its physiologic analogue in the mu- 
cous secretion of the cervix uteri and in the embryonal mucous tissue. 



Eig. 31.— A portion of the soleus 
muscle from a case of typhoid 
fever. Preparation teased after 
treatment with Miillcr's fluid. 
X 200. Reduced (After Green.) 


^Colla: jjlue, 

2 The designations employed by various authors do not harmonize, as opinions 
frequently differ. The current terminology, as so often is the case in other 
instances, also is incorrect. Thus, in carcinoma gclatinosum and struma gclaHnosa 
the adjective does not indicate, as might at first be assumed, similar characteristics, 
but the comparison with gelatin is purely external, the change in both cases being 
very different 

* These must not be mistaken for hyaline casts of the urinary tubules, which, 
according to some authors, consist of hyaline fibrin; according to others, of 
coalesced hyaline epithelia. 



152 


DEGENERATION. 


(still present at birth in the umbilical cord as Wharton’s jelly). In the 
cervix uteri the mucus is elaborated by the superficial epithelia and 
epithelia of the scanty glJtnds, and in the embryonal mucous tissue it 
forms the basement (intercellular) substance. There is an analogous 
pathologic formation of mucus which originates either in the epithelia 
or appears as a basement or intercellular substance. The epithelia of 
the whole respiratory tract, of the stomach and of the colon, of the 
urogenital system, of the middle ear, and of the conjunctiva — i.c,, almost 
all so-called mucous membranes — may secrete mucus under pathologic 
conditions (in exudative inflammations). Only a few localities are 
exceptions, particularly the surface of the tongue, the esophagus, the 
small intestine, and the true pulmonary alveoli. In all cases the mucus 
is elaborated by the cylindric epithelia of the vsurface and of the glands, 
especially of the excretory portion of the glands, these being transformed 
into the well-known goblet-cells. The “goblet,” which is always situated 
near the surface of the cell, is colorless and homogeneous, in contrast 
to the rest of the cell. According to the intensity of the change, the 
upper clear portion of the cell has the form of a crescent, or the goblet 
extends farther downward, thus producing the form of a parabola, the 
nucleus being pushed toward the lower and more pointed portion of the 
cell. Finally, the mucous metamorphosis of the cell-body may advance 
to the base of the cell, so that with disappearance of the nucleus the cell 
dies in toto. According to most investigators, in milder cases restora- 
tion of the cylindric epithelium from the goblet-cell is probable. 

In transformation of other tissues which belong to the group of con- 
nective substances (connective tissue, adipose tissue, etc.) into pathologic 
mucous tissue, the formation of mucous basement substance also depends 
upon the activity and influence of the cells, though with the difference, 
as compared with mucous formation from epithelia, that the formation 
of mucus can nowhere be directly followed within the cell-body. Trans- 
formation of connective tissue and adipose tissue into mucous tissue is 
always a process associated with general nutritive disturbances (as a 
result of severe chronic diseases), or it occurs in old age, when the vital 
and nutritive energy has already strongly declined. Hence, this phe- 
nomenon indicates an atrophic process with the character of retrogressive 
degeneration. 

The substance which especially distinguishes mucous formation is 
mucin. This chemic body is still insufficiently characterized. Anal- 
ysis shows that it contains a slight amount of nitrogen. According to 
the researches of Landwehr, it is a combination of albumin with a col- 
loid carbohydrate. Mucus is especially characterized by its tenacious, 
pronouncedly ropy consistency. Unmixed — ^it very often occurs mixed 
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with other masses, c.g., cells — it is dear, colorless, transparent. Mucin 
manifests a great disposition to take up water, in which case it swells 
strongly. On treatment of mucus with acetic acid or alcohol the mucin 
is precipitated in the form of threads and flakes, the mucus contracting 
and assuming a whitish-gray color. Mucin is soluble in combination with 
free alkali. 

Besides connective tissue and adipose tissue, mucous transformation 
frequently occurs in cartilage, seldomer in the bone-marrow ; in all these 
cases, however, changes occur through wliich tlie affected parts are so 



Fig, 32. — Mucoid degeneration of the pericardial fat>tissiic. Fresh section. 

(Lcitz Obj., 7; Ocul,, 2. After L(wc/crhans,) 

transformed that they closely approach true connective tissue. In carti- 
lage especially, fibrillation of the basement substance, and, therewith, a 
close approach to fibrocartilage, is always recognizable. In mucous 
degeneration of fat-tissue (in the omentum, the pericardium, at the hilus 
of the kidney, in the panniculus adiposus, in so-called colloid marrow 
of the tubular bones) increase of the mucous basement substance goes 
hand in hand with atrophy of the adipose-tissue cells, the latter losing 
Iheir fat and shrinking to thin, leaf-like scales (see Fig. 32) ; this 
niucous basement substance does not, however, appear to depend upon 
die atrophic fat-cells, but to be formed solely from the now predomi- 
iiating connective tissue or its cells present also in the fat-tissue. The 
triated intercellular substance is rarefied, but it is almost always still 
cognizable. 
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In m3rxedenia (Ord), the disease resulting from congenital or 
acquired defect of the thyroid, accompanied by cachexia and depend- 
ing upon autointoxication, the firm swelling of external parts, 
beginning in the face and gradually extending downward, is due to a 
similar mucoid, mucinous degeneration of the connective tissue of the 
cutis and of the uppermost layer of the panniculus adifosus. Only the 
connect! ve-tissue trabeculae between the fat-lohuH are the seat of mucoid 
change. In the severer cases of this aflfection all connective tissue, in- 
cluding that present in the interior of the body, is ’finally involved by 
the same mucoid degeneration. Myxedema differs, however, from ordi- 
nary mucous degeneration, in so far as increase of volume is always 
perceptible, the altered part swelling and becoming firmer to the touch. 
At the same time proliferative processes progressive as well as 

retrogressive changes), which are absent in simple mucous "degeneration, 
occur in the connective tissue, showing the inflammatory character of 
the affection. Therefore, under normal conditions there must be elabo- 
rated by the thyroid (through secretion) products which are of the 
greatest importance in the normal metabolism of the human body. In 
the absence of these products (iodine, etc.) pathologic deviations in 
metabolism occur which result in degeneration of the tissues. Owing 
to the similarity of these alterations to the phenomena caused by intoxi- 
cation, it is assumed that, in the absence of the thyroid, some substances 
or metabolic products become active w^hich, in the presence of the thy- 
roid secretion, are cheniicly neutralized and eliminated from the body, 
i.e., under normal conditions are prevented from exerting deleterious 
action. Because these toxic metabolic products are formed in or by 
the body itself, this process is called autointoxication. 

Closely related to these mucous transformations is tlie occurrence 
of homogeneous, mucinous material in tumors : in myxoma, myxo- 
fibroma, myxosarcoma, myxocarcinoma, or carcinoma gclatinosum, etc. 
In these tumors also the mucus may be formed from epithelia {e.g., in 
cylindric-celled carcinoma from cylindric epithelia), or, what is by far 
more frequent, occur in the connective-tissue basement substance. 

Albuminous, or parench3rmatous, degenention begins with 
cloudy swelling {intumescentia opaca) of the parenchyma^ The 
first change observed in this process is enlargement of the whole organ 
as well as of the individual constituent elements. The parenchyma 
cells swell and become more cloudy as the result of accumulation within 


iBy parenchynia ( rap - ey . beside; within; pour, in the sense of the 
Ancients : nMely, between vessels and nerves) is understood that part of an 
organ which is most characteristic and important for the function ; for example, jn 
muscle, the contractile substance; in the liver, the liver-cclls. 
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them of numerous, minute particles of albumin, which, on microscopic 
examination, appear as indistinctly outlined granules. The vessels do 
not actively participate ; indeed, ischemia often exists as a result of swell- 
ing of the parenchyma. In this stage of cloudy swelling the 
specific function of the elements is weakened (for example, renal epi- 
thelia produce albuminous urine), but they still are capable of resti- 
tution. With assimilation or secretion of the newly imbibed material, 
restitution occurs, or the second stage — that of so-called re- 
trogressive fatly metamorphosis— follows. In the latter 
case the albuminous granules are first replaced by \ery minute fat- 
puncta, and later by quite small fat-droplets. At first the nucleus is still 
plainly recognizable; subsequently, how’ever, it gradually becomes more 
and more indistinct until, finally, the whole cell appears to be filled with 
minute drops of fat. Such a cell is no longer capable of restitution; 
it disintegrates and forms a milky fluid (emulsion stadium) 
which may easily be absorbed (necrobiosis atrophy with loss of 
external form). 

Albuminous degeneration of the heart, kidneys, liver, stomach, and 
muscles is an extremely frequent plienornenon which is observed in 
severe acute processes accompanied by high fever, in many chronic dis- 
eases, and in poisoning. Cadaveric influences also may produce a 
hiniilar change; that is to say, there is a cadaveric clouding of the 
organs which cannot be distinguished from the parenchymatous form 
occurring during life. 

Many authorities have recently asserted, and with good reason, that 
in so-called fatty metamorphosis the cellular proteid is not chemicly 
transformed into fai, as X’irchow taught, but that the fat is taken up 
from without by the cells in some still unknown modification, and not 
as ready fat. Altmann’s cell granula being gradually substituted by fat- 
'Iroplets. The importance of this process for the function and preserva- 
tion of the cells is, perhaps, about the same as Virchow's fatty meta- 
uK^rphosis, because in this form of change also an integral cmistituent 
of the cell is lost and replaced by another inferior or injurious com- 
ponent. 

Fatty dasenaration/’^ I»y this term, in contradistinction to fatty 
infiltration (of adii>ose-tissue cells, liver cells, intestinal villi), fat 
eiention (in fatty liver, in the intestinal villi), and so-called fatty 
oH'tamorphosis (necrobiotic atrophy), is understood that affection of 

muscular system (heart and skeletal muscles) which is characterized 

* See Necrobiotic Atrophy, p. 116. . . 

2 Some writers use the term “fatty degeneration'^ as synonymous with “fatty 
tamorphosis." This, however, is incorrect. 
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by a more or less marked interstitial development of adipose tissue — a 
proliferation and metaplasia of the connective tissue existing between 
the primitive muscle-bundles into fat-tissue. The fat-cells between the 
primitive muscle-bundles push the latter apart and cause nutritive dis- 
turbances. Such muscles, therefore, are strikingly pale in appearance, 
scarcely resembling muscle substance. Jn the heart this condition, which 
is similar to that process occurring in artificial fattening of cattle 
(Mastung)^ may be followed by atrophy and considerable disturbance 
of function. 

In the voluntary skeletal muscles this interstitial development of 
adipose tissue is always observed in so-called muscular pseu- 
d o h y p e r t r o p h y {pseudohypertrophia musculorum ) , in paralyzed 



Fig. 33. — Fatty infiltration of connective tissue, showing the accumulation of 
fat within the cells. X 300. (Rindflcisch.) 

limbs, in ankylosis, and in excessive corpulency. In the latter condition 
the pancreas also often manifests a quite similar fatty degeneration, 
adipose tissue developing between the individual lobuli. This change 
is frequently, perhaps most often, designated as lipomatosis. It 
is distinguished, however, by the fact that the adipose-tissue develop- 
ment is primary, while in paralyzed limbs and ankylosis atrophy of the 
musculature precedes the fat-tissue development, which is, therefore, a 
secondary manifestation. 

Fat substances are normally deposited in not inconsiderable amount 
in the body-cells and tissues. Part of these belong to the constitutional 
substances of the plasma, varying in amount according to the specific 
and functional nature of the cells. This “stabile"’ fat is not 
used in metabolism, even in the state of starvation, for in animals dead 
from starvation the muscles always contain an abundance of fat. A 
series of body tissues, especially the adipose tissue in the subcutaneous 
and subserous panniculus, as well as the liver-cells, are capable of storing 
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superfluous fat. This ''labile'' depot fat may rapidly be given 
up when occasion demands. 

Not all fatty substances are morphologicly visible and microscopicly 
demonstrable. Chemic examination often shows in microscopicly fat- 
free organs a fat content up to 20 per cent, and more of the dry sub- 
stance. This is due to the fact that the fat substances are either dis- 
solved in the plasma fluids or invisibly finely divided. The chemic nature 
of the fatty substances (lipoids) is not uniform. The chief mass, 
especially of the depot fat, consists of neutral fats : the triglycerides of 
oleinic, palmitinic, and stearinic acid. The amount of soaps is slight. 
On the other hand, most cells contain more comj)lex combinations, 
such as lecitliin (—distearin-glycerin-phosphoric acid-cholin), protagon 
(—lecithin -f cerebrin ), and cholesterin-holding fats. Some of these 
compounds are characterized by especial optical peculiarities, in that 
they show double refraction in jHilarized light, swell in water into 
peculiar, darkly contoured formations, and are stained with neutral red. 
Drops and clods with these peculiarities are designated as myelin. 
This is not a definite chemic body, but, as far as is known, a mixture 
of various com|>onents. Of chemicly pure substances belonging here 
soaps of the oleic acids, ])articularly their cholesterin mixture and cholin 
combinations, manifest double refraction. It is very probable that the 
phenomenon of double refraction depends upon such substances in solu- 
tion with other lipoids; on the other hand, it depends also upon con- 
centration and temperature. Pure lecithin and protagon are not double 
refractive, but in the body always contain other substances. Therefore, 
according to present knowledge, no sharp line of distinction can be drawn 
between single and double refractive substances, and most fat-like drops 
in the body must be regarded not as chemicly pure substances, but as 
mixtures. While the fatty substances in the fat-depots arc single re- 
fractive, such myelin substances are physiologicly found in the cortical 
cells of the suprarenals, in the lutein cells, in the epithelia of the gall- 
bladder, and in involution of the thymus. These myelin substances have 
excited interest only since they have been found in pathologic processes, 
c.i'/., in fatty change in the intima of the aorta, in the alveolar and 
renal epithelia, and in various tumor-cells. They are usually mixed 
with ordinary fat-droplets. In the atheromatous aorta, the gall-bladder, 
and other tissues, the occurrence of double refractive droplets may be 
followed by precipitation of crystalline cholesterin, so that in this a con- 
nection between cholesterin admixture and double refraction can be 
surmised. Similar myelin droplets may occur also in autolysis, 
i c., in nonbacterial tissue disintegration at body temperature, and may 
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be demonstrated, by extraction with alcohol, in various organs, especially 
nerve- and brain- tissue (Gierke). 

The kidney very frequently is found in a state of fatty degen- 
eration, the epithelia of the convoluted tubules being principally involved. 
The cortex, and, therefore, the surface, of the kidney acquires a yellow- 
white color (white kidney); as it is common for only certain 
parts to be the seat of fatty degeneration, a yellow mottling — a sprinkled 
appearance — may be manifest. The fatty degenerated epithelia easily 
become dislodged from the tunica propria and enter the urine through 
the renal tubuli downward; they often remain coherent and appear in 
the urine as cylindric bodies (renal casts), in this case, epithelial casts. 
As the fatty degenerated epithelia disappear partly by excretion with 
the urine, partly by disintegration and absorption of the fatty detritus, 
the kidney suffers in different localities a loss of cortical substance; 
where substance has been lost, the surface sinks inward; the previously 
smooth surface becomes granular (granular atrophy). The 
depressed areas contain little or no fatty degenerated epithelia, but 
only stroma and blood-vessels, and are, therefore, more gray-red in 
color. As fatty degeneration affects the parenchyma, it has been des- 
ignated also as parenchymatous degeneration: ^‘paren- 
chymatous inflammation.’' The latter designation is inap- 
propriate.^ (See Inflammation, p. 172.) 

Fatty degeneration may follow albuminoid degeneration; it occurs 
also independently. 

REGENERATION. 

Regeneratioil is an active formative process in which, after the 
occurrence of defect caused by pathologic processes or trauma, the type 
— genus — of the defective tissue is renewed. The reproduction — 
restoration — of lost parts of tissue ranks with inflammatory proc- 
esses. The products of regeneration (r.^.. in solution of continuity) 
and of inflammation cannot always be sharply separated from each 
other, though there is a difference, in so far as the regenerated tissue, 
without exception, preserves the type of the lost tissue, while the in- 
flammatory product deviates from the genus in form, type, and amounts 
Regeneration, strictly speaking, pathologic regeneration, 

1 A sharp line must be drawn between inflammation and degeneration : 
inflammation is not degeneration. Degeneration is something passive : the 
tissues suffer. In inflammation, on the other hand, an actio of the tissue* 
is noticeable: hyperemia, exudation, emigration, production of new tissue ^cur. 
In some cases degeneration and necrosis of the epithelia are recognizable without 
any pathologic change in the interstitial tissue; then only degeneration is present: 
parenchymatous degeneration, but not inflammation. TTiis change is incorrectly 
called parenchymatous inflammation. 
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has its counterpart in physiologic regeneration of the epi- 
dermis, hair, and nails, of the epithelium of mucous membranes and of 
many glands {c.g., sebaceous glands, milk glands), of the blood, etc. 
In physiologic regeneration replacement of the consumed and exhausted 
parts takes place always froin homologous elements; for example, loss 
of epithelium is compensated by epithelium by division of the cells. In 
like manner, compensation in pathologic regeneration is obtained from 
the remaining tissues, not from other parts (not from the colorless blood- 
corpuscles, etc.). 

Division of the cells, through which new formation and restoration 
occur, is always preceded by division of tlie cell-nuclei. Owing to im- 
proved methods of investigation and modern instruments, the earlier 
assumption of a “direct'’ nuclear division has been almost wholly aban- 
doned in favor of '‘indirect” nuclear division ( karyomitosis, karyo- 
kinesis).! Although “direct” (amitotic) nuclear division is still quite 
frequently observed (for example, in the leucocytes), it appears, as 
Flemming asserts, that this is not a physiologic process through which 
increase and new formation of cells may occur, but a degeneration phe- 
nomenon; “or, perhaps, in many cases (formation of multinucleated 
cells by fragmentation), by enlargement of the nuclear periphery, it is 
connected with cellular metabolism.” 

Certain lower classes of vertebrates possess extraordinary power 
of regeneration, so that, for example, in the lizard the whole tail may 
be regenerated within from three to five months. In mammals and birds 
extremities and whole organs cannot be replaced ; certain parts of organs 
as well as feathers (molting), however, are completely regenerated. 

Under favorable conditions almost all human tissues are capable 
of regeneration; but the ])rc$ence of a matrix from which new forma- 
tion can develop in accordance with the old tyi)e is always necessary. 
In some organs (for example, in the central nervous system; in the 
terminal apparatus of the cutaneous nerves after loss of skin; in the 
villi of the small intestine, etc.) regeneration has not as yet been ob- 
served; in others (for example, in the large glandular organs of the 
abdomen and in the smooth muscles) regeneration is doubtful, although 
in the liver it has often been positively demonstrated; in others, again, 
regeneration is incomplete. For example, in rupture of cartilage, con- 
nective tissue or bony callus usually develops ; in fat tissue : scar tissue, 
which, perhaps, is subsequently converted into adipose tissue; in the 
peripheral nerves the medullary sheath is lost. In pathologic cases the 

* According to Flemming’s investigations, “indirect” nuclear division (mito- 
sis), for example, in leukemia, appears to be the normal process of division m the 
leucocytes also. 
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following tissues are most completely, and to a very marked degree, 
capable of regeneration: epithelium, the blood after hemorrhage), 
connective tissue, bone, the lens (provided the lens capsule is preserved), 
certain glands {e.g., uterine glands after separation of the placenta), 
the hair in youth and after certain diseases (typhoid, variola, scarlatina). 
The regenerative power of the various tissues diminishes with age; it 
is greater in the embryo than in the newborn, and is often abolished 
with cessation of growth. It is the less the higher the development the 
various tissues have undergone for specific function. 

It is doubtful whether regeneration occurs after extirpation of the spleen. 
In this regard it must be remembered that often not only one large spleen is present 
in the body, but also several smaller, so-called accessory spleens. One of 
these may assume the function of the removed organ and undergo compensatory 
hypertrophy. 

Slighter losses of skin and probably also of mucous membrane 
(epithelium and connective tissue) are completely regenerated; greater 
losses of substance, which extend to the subcutanous adipose tissue or 
to the submucosa, are only partially regenerated, scar tissue taking their 
place. Although the latter consists principally of epithelium and con- 
nective tissue, it is distinguished in detail of structure by bulk, density, 
vascularity, absence of papillcC, etc. 

If the lens capsule is preserved, the lens can be completely regen- 
erated. 

Most prolific is regeneration of bone, especially after fracture. As 
a rule, the first thing observed after sim])le, uncomplicated fracture is 
marked hemorrhage, whereby the point of fracture becomes more or less 
intensely swollen. Then formation of inflammatory granulation tissue 
follows — a soft, cellular (round and spindle cells), very richly vascular 
tissue. P'rom this arise numerous trabeculae and bands of cartilage sub- 
stance composed partly of hyaline cartilage, partly of osteoid substance.^ 
The hyaline cartilage masses are either provisionally calcified or con- 
verted into osteoid substance. From this, bone is finally formed by 
appropriation of lime-salts. The primarily soft callus is thus gradually 
transformed into osseous tissue. The formation of callus is almost always 
very marked, sometimes excessive: callus Inxnrians, The spiculae and 
prominences present upon the surface of a callup correspond to small 
projecting splinters of bone which have been fixed in their new position. 
While on farther advance of the process thick, firm, compact osseous 
masses are formed upon the surface of the bone, the tela ossca disap- 
pears from the interior by absorption, marrow tissue taking its place. 

^ Osteoid substance is bone without lime-salts. 
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After a longer period, part of the superfluous external osseous material 
(spicute, protuberances, etc.) being absorbed, the callus gradually as- 
sumes the form of the old bone. In this manner regeneration results 
in a new piece of bone, which differs only very slightly from the old. 
Callus formation originates, first, from the periosteum; second, from 
the inflammatory marrow tissue, and, third, from the parosteal con- 
nective^tissue. 

Pathologic organization may occur with or without the fomiation 
of vessels: vascularization. It rarely occurs without new for- 



Fig. 34. — Formation of capillary vessels, a. buds; b, bi, buds joining; 
c. Cl, complete young capillary. X 320. (After Arnold.) 

mation of vessels, and then only under certain conditions, and results 
in a tissue which is of little functional value and, under certain condi- 
tions, injurious to the organism (cicatrices). The formation of new 
vessels can best be observed in organization of thrombi and fibrinous 
exudates of serous inem])rancs. The vessel may develop in two ways: 
1. By budding, the old capillaries sending out small, hemispheric 
prolongations which/at first, are solid, but, later, by growth into quite 
elongated cells, become hollow at their basal attachments to the v^el 
and appear filled with blood ; these primarily ‘^blind’^ vascular buds tflite 
with each other and thus form new capillary anastomoses; or 2, the 
new formation of vessels starts from cells belonging to the connective 
tissue, ue*, from stellate, so-called ‘Vessel-forming'^ elements which form 

It 
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a reticulum by means of anastomosing filaments and are in direct con- 
nection with the vessel walls. These cells are occasionally filled with 
blood, under which circumstances a channel can be recognized. 

New vessels are never formed from pleuritic exudate, a throm- 
bus, the adhesive exudate of wound margins in the healing of 
wounds, or from secretions of ulcerating surfaces, but al^ys, as 
in the accompanying new formation of connective tissue, from the sur- 
rounding tissue — that is, from the cells of the vessel wall, the pleura, 
etc. Pleuritic exudate, a thrombus, etc., form only a provisional ma- 
terial, which is replaced by the new-formed tissue (substitution). The 
thrombus exudate acts as a foreign body, like a sponge or a bullet, irri- 
tates the surrounding parts, and excites a formative process, with the 
difference only that the fibrinous material, owing to its chemic and 
physic properties, is infiltrated by the new-formed tissue and gradually 
disappears, while other foreign bodies arc surrounded by a dense fibrous 
connective-tissue capsule and remain in loco. Hence, organization of 
thrombi always begins in the periphery, adhesion between the vessel wall 
and the thrombus being the first step. 

As a result of organization an organic (vascularized) union of the 
apposed surfaces occurs. Those newly formed tissues which organicly 
unite existing parts are called adhesions, and the inflammations 
which give rise to adhesions are designated as adhesive inflam- 
mations. Within the adhesions, which assume different forms ac- 
cording to existing conditions (c.ff,, rest, movement, friction), lymph- 
vessels, large blood-vessels (arteries and veins), elastic fibers, and even 
nerves are found after a time. In elongated adhesions numerous capil- 
laries,*which coalesce upon one side to form a large vascular trunk, and 
upon the other side again break up into a large number of smaller vessels, 
are frequently found. 

By transplailtatiOB (grafting) is understood the transference of 
living tissue, after separation from the matrix, to another tissue or an- 
other locality in the same or another individual. The chances that the 
transferred^ tissue will grow to the part to which it is conveyed are the 
greater when the transplanted tissue remains united to the matrix by a 
kind of bridge, the more vessels the new locality contains, and the larger 
the surface (wound surface) into which new vessels can grow. 

During the first few days nutrition occurs by plasmatic flow; then 
blood-vessels enter and circulation is established. If infection or me- 
chanic injury occurs, or if a layer of blood is present between the graft 
and the base, the transplanted tissue dies. In transplanted cutaneous 


^ After the manner of grafting of trees. 
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tissue almost all parts, elastic tissue, etc., are preserved. The 
structure of a cutaneous cicatrix differs greatly from such a transplant, 
particularly in regard to the elastic tissue. A cicatrix contains little or 
no elastic fibers, while the transplanted tissue always shows an abundant 
elastic reticulum such as is present in normal skin. 

The vital energy of the transferred tissue is of great importance 
for the success of transplantation; therefore, young tissues are 
more adapted for this purpose. While portions of tissue which are 
transferred to foreign, heterologous soil usually atrophy after a time, 
transplantation of skin and bone upon homologous soil soon results in 
definite incorporation of the transplanted tissue. 

INFLAMMATION. 

Inflammation, phlogosis, is a local reaction to an irritant, an 
effort of defense, characterized by hyperemia, passage of fluid and 
cellular constituents from the vessels into the tissues, and proliferative, 
degenerative, and regenerative changes. It is a local increase of the 
nutritive processes (augmented combustion and destruction, with eleva- 
tion of temperature) due to internal or external influences (chemic, 
physic, organic inflammatory irritants), which, however, does not result 
in strengthening, but in weakening or alK>Hshment, of function, since it 
possesses a destructive, degenerative character. Essentially, therefore, 
it is a local disturbance of nutrition, distinguished from 
other nutritive disturl)ances by the intensity of the changes, 
rapidity of course, and the character of the danger. 
Inflammation is distinguished from simple irritation, which is more 
functional in character, by the disturbances of nutrition; the 
difference, however, is only quantitative in so far as inflamma- 
tion is an augmentation of irritation, i.r., develops from irritation. 

The phenomena of inflammation^ differ according as the process 
occurs in richly or poorly vascularized parts. In highly vascu* 
larized parts the inflammatory reddening, active (inflamma- 
tory) hyperemia- (rubor), is usually very pronounced: dilation 
of all vessels with acceleration of the blood-current (the uniform 
redness of inflamed parts is always due to intense engorgement of 
the capillaries). These local disturbances of circulation occur only in 
richly vascular part.s, and, therefore, are not a constant mani- 
festation of inflammation. 

^According to Cclsus-Galen, the four cardinal signs of inflammation were: 
calor (heat), rubor (redness), tumor (swelling), and dolor (pain), to which sub- 
‘^rqucfitly was added functio lesa (disturbance of function). 

® Inflammatory hyperemia differs from simple congestion by its persistence, 
which probably is due to continuous irritant action upon the vessel walls. 
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Elevation of temperature {ccdor)^ which is manifest in visible 
richly vascular parts, is the result, on the one hand, principally of 
stronger flow of arterial blood to the locality (hyperemia), and, on the 
other, to a slight extent, of increased combustion. 

The inflammatory pain {dolor) is due to tension {tumor) of the 
tissues, and is present only in parts richly supplied with nerves, and, 
therefore, stands in the same relation to inflammation as do the local 
circulatory disturbances. Inflammation, however, extends the more 
rapidly the more richly the part is supplied with vessels and nerves. 

In spite of these various symptoms, depending upon the anatomic 
arrangement or structure of the inflamed tissue area, the essentials of 
the inflammatory process always remain the same. The process begins 
with injury to the tissues, which is followed by escape of fluid and cel- 
lular constituents from the vessels, and cellular proliferation. 

The primary change observed in most inflammations after action 
of the irritant is active hyperemia^: dilation of the vessels, 
increased velocity of the blood-current, and augmented blood-pressure, - 
which soon are followed by escape of fluid from the capillaries and 
venules. At first the red blood-corpuscles occupy the center of the cur- 
rent, forming the so-called axial stream; at the periphery blood- 
plasma flows free of red cells, constituting the so-called plasmatic 
marginal zone, within which the leucocytes lag somewhat behind 
the red blood-cells. Soon the velocity of the current becomes slower, 
owing to increased pressure in the tissues; the axial stream becomes 
broader, the vessels still remaining dilated; leucocytes gradually accu- 
mulate in the marginal zone, flow more slowly, and finally adhere in 
great numbers to the inner surface of the vessel walls: marginal 
position of the white blood -corpuscles. Arrest of the 
leucocytes is followed by their passage through the vessel walls into 
the surrounding tissues : emigration,^ which is chiefly a passive, 
partly a migratory (active ameboid), process. (See Fig. 35.) In the 
act of emigration the leucocytes .send delicate prolongations through 
cement substance in the vessel wall — perhaps also through the endothelial 
cells — the protruded portion forming a small bud upon the outer surface 


1 It is still disputed whether inflammatory hyperemia is the result of irritation 
of the vasodilators or paralysis of the vasoconstrictors. Recent investigations, 
however, seem to indicate that it is due to paralysis. 

2 The sense of pulsation accompanying inflammatory fluxion is more fre- 
quently subjective than objective, 

^ While the significance of emigration of leucocytes in inflammation was first 
pointed out by Cohnheim, in 1867, escape of both white and red blood-corpuscles was 
observed to take place from the interior of the vessels into the adjoining tissues 
first by W. Addison, in 1843 (Exper, and Pract Research in Inftamm,, lw3), and 
then by Waller, in 1846 (Philosoph. Mag., Oct. and Nov., 1846). 



INFLAMMATION. 


165 


of the vessel. As more and more of the body of the cell passes through 
the vessel wall, the portion outside increases in size, that part remaining 
within the vessel gradually diminishing, until, finally, the whole cell 
escapes into die tissues, in the spaces of which it continues to manifest 
ameboid movements.^ Along with the white blood-corpuscles, occasion- 
ally before them, red blood-cells and blood-platelets leave the vessels with 



Fig. 35.— Leucocytes of man, showing ameboid movement (Landois.) 


the plasma and collect in the tissues or in preformed cavitie.^ as exudative 
inflammatory constituents. 

Formerly it vras supposed that only the polymorphonuclear (neu- 
trophilic) leucocytes migrated from the vessels; recent investigations, 
however, have shown that while, in accordance with the preponderance 
of these elements in the blood, the majority of the leucocytes derived 
from the blood are of this type, the lymphocytes also are capable of 
leaving the vessels. These lymphocytes have a small round or slightly 
indented nucleus surrounded by a very narrow rim of homogeneous pro- 

lAn abundant accumulation of leucocytes outside the blood-vessels is a 
positive sign of acute and especially of purulent inflammation. 
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toplasm. In addition to the round migratory cells derived from the 
blood there occur in the inflammatory exudate also histogenous mono- 
nuclear wandering cells, derivatives of the adjacent connective tissues, 
especially the adventitia of the blood-vessels (adventftial cells), 
which migrate into the inflamed area and morphologicly are indistin- 
guishable from the lymphocytes above mentioned. Both these forms of 
mononuclear cells, therefore, are designated as small round or 
granulation cells. 



Fig. 36. — Granulation tissue from the peritoneum of a guinea-pig after 
injection of lycopodium spores, s, spindle-cell; m, the same with mitotic 
figure ; wandering cells with large nuclei ; I, leucocyte with polymor- 

phous or fragmented nuclei; r, mononuclear cells; /?, giant cells; c, young 
capillary; L, lycopodium spore with adherent giant cell. (Smaus.) 

Among the mononuclear wandering cells occurring in an inflamed 
area there can be distinguished morphologicly; 1. Cells slightly larger 
than red blood-corpuscles, with a large, intensely staining nucleus and 
a small, scarcely visible border of protoplasm: lymphocytes. 2. 
Cells which are decidedly larger and have a comparatively small, clear 
nucleus and a marked, slightly granular border of protoplasm. These 
are regarded as derivatives of young connective-tissue cells (fibro- 
blasts), also as transformed white blood-cells. They possess pro- 
nounced phagocytic powers, and. accordingly, not infrequently contain 
small, round cells (leucocytes and lymphocytes). Owing to the various 
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forms which these cells assume, they have been designated as poly- 
blasts. These cells correspond to the ‘Marge phagocytes'' 
of Metchnikoff ; the “large leucocytoid wandering cells" 
of Marchand ; • the “polyblasts" of Maximow; the “klasmat- 
ocytes" of Ranvier, and the so-called “epithelioid cells." 
3. Round or somewhat irregularly shaped cells with abundant cytoplasm 
and a usually eccentric nucleus, with nucleoli or coarse chromatin 
granules, which stains blue with niethylene-blue and contains irregularly 
arranged granules, while the cell-body stains intensely red with pyronin : 
plasma-cells. These ceils very probably are derivatives exclu- 
sively of lymphocytes. 

Leucocytoid wandering cells, plasma-cells, polyblasts, klasmatocytes, 
and mast-cells, the latter of which are usually lacking in granulation 
tissue, are brought into close relationship to each other by Maximow. 
According to this author, the p o 1 y b 1 a s I s , which constitute the greater 
portion of the granulation tissue, are principally migrated and altered 
lymphocytes, the lesser number originating from klasmatocytes; they 
may form cells resembling fixed klasmatocytes. According to Ranvier, 
the klasmatocytes are cells which have migrated from the ves- 
sels, but have become fixed in the tissue, and are especially abundant 
in the vicinity of the vessels. They are delicate, elongated, or dendritic 
protoplasmic formations, usually of very considerable length, with 
rounded or elongated nuclei, from the body of which small portions 
may very readily be sejiarated by marginal constriction. Marchand also 
observed these cells especially in the ailventitia in the omentum, and fol- 
lowed their development in inflammation and inflammatory tissue for- 
mation. According to his investigations, they form, on the one hand, 
large motile phagocytes and giant cells, and, on the other, elements 
of the nature of lymphocytes and large mononuclear leucocytes which, 
perhaps, even tpay become true leucocytes by migration into the blood- 
channels. Their conversion into fixed connective-tissue cells he does not 
regard as established. These cells, as well as lymphocytes, plasinia-cells, 
etc., are designated by Marchand as “leucocytoid cells." In 
regard to the pi asm a- cel Is also, various views exist: Some au- 
thors differentiate Unna\s and Marschalko’s plasma-cells, of which the 
former are said to l>e derived from connective tissue, the latter from 
lymphocytes ; this differentiation, however, is not quite tenable, for it is 
probable that all plasma-cells are derivatives of lymphocytes or lym- 
phoblasts. 

Schridde differentiates lymphocytic and lymphoblastic 
plasma-cells, the origin of which from lymphocytic elements is proved by 
die presence in them of the same type of granula. 
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As above stated, the mononuclear and polynuclear polymorphous 
cells may be polyblasts or klasmatocytes, but the majority of them are 
derivatives of the fixed connective tissue: fibroblasts, which, 
especially in inflammations not markedly necrotic or purulent, gener- 
ally preserve the characteristics of connective-tissue cells. They are 
stellate and spindle-shaped formations with long processes, clear nuclei, 
and typic nucleoli. In marked proliferations they are densely arranged, 
and, therefore, are smaller and their processes indistinct. Occasionally 
they may be round, which renders very difficult their differentiation from 
lymphocytic polyblasls. Some of the fibroblasts present in granulation 
tissue are derived also from endothelia of lymph-vessels or blood-vessels 
(e,g., in the organization of a thrombus). The latter origin and also 
the question whether endothelial cells of the abdominal and thoracic 
cavities may be converted into fibroblasts are still unsettled; according 
to recent investigations, it is doubtful whether such transformation occurs. 
Giant, or multinucleated, cells are very frequently, if not 
always, present in granulation tissue. They are formed chiefly from 
fixed connective-tissue cells and vessel endothelia, but may be derived 
also from leucocytoid cells — in the former instance by continued division 
of nuclei and defective division of the protoplasm of one cell; in 
the latter instance, probably chiefly by coalescence of a number of cells. 
They act principally as scavengers (Lubarsch). 

As the polymorphonuclear cells exuded from the blood in the acute 
stage of inflammation soon disappear and are replaced by wandering 
cells derived from the tissues, the mononuclear form of wandering cells 
predominates in the chronic stage. They may be converted into large, 
round, or irregularly shaped cells : so-called ‘‘leucocytoid cells" 
of Marchand. As already stated, these cells, in the presence of not too 
irritant foreign bodies, act principally as phagocytes and remove disin- 
tegration products from the tissues: phagocytosis. In the for- 
mation of connective tissue some of these mononuclear wandering cells, 
probably only those derived from the tissue, again become fixed elements. 

In accordance with what already has been stated, the following 
groups of cellular constituents of inflammatory exudate may be distin- 
guished : — 

(а) Cells derived from the blood, extruded or migrated through the 
blood-vessel walls: leucocytes, lymphocytes, red blood-corpuscles, and 
blood-platelets. 

(б) Cells originating from proliferation in the exudate: derivatives 
of migratory cells. 

(c) Cells derived from proliferation of the fixed tissue-cells in the 
vicinity of the inflammatory focus which wander into the inflamed area. 
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In some instances, however, the proliferative changes in inflammation 
are so slight as compared with the alterative and exudative changes that 
they often are regarded as insignificant or as independent of the inflam- 
matory process. There is no doubt, however, that they are present even 
in the early stages of acute inflammation, and in some instances may 
obscure the exudative processes. 

(d) To the above must be ad<1e(l cells dislodged or desquamated 
from serous and mucous membranes, ducts, and glands, etc.: epithelia, 
glia-cells, etc., which manifest more or less marked regressive alterations. 

According to the rapidity and intensity with which the process 
is established and runs its course are differentiated: acute and 
chronic inflammation; as regards the forms of inflammation, they 
are designated as alterative, exudative, and productive, 
or proliferative. A topographic division of inflammation into 
parenchymatous and interstitial, and superficial and 
infiltrating, also is made according to the locality of the 
inflammatory process. 

While the division into superficial and infiltrating inflammation is 
of no especial significance and should be abandoned, the division into 
parenchymatous and interstitial inflammation, according as the inflam- 
matory process involves principally the parenchyma (functionat- 
ing) or the interstitial ( supporting) tissue of an organ, although based 
upon Virchow’s obsolete conception of inflammation, is permissible, 
provided the essentials of inflammation be borne in mind. 

A risume of the role played by the vessels and parenchyma in inflammation 
was presented by Rudolph Virchowd The words "vessels, parenchyma, and 
inflammation," says the author, arc of very ancient origin, for they are of frequent 
mention in the old humoral pathology. In the course of centuries they have under- 
gone great alterations in their significance corresponding to the progressing knowl- 
edge of actual conditions, and the history of our science vcr\ distinctly shows that 
these mutations have not as yet come to a conclusion. If, in spite of these changes, 
the same words, indeed to no small degree even the formulae in wdiich they occur, 
have still been preserved in the parlance of physicians, the confusion resulting there- 
from, and which is constantly recurring, is readily explained by the fact that the 
old words are accompanied by old conceptions. 

With respect to the vessels, it is to be deplored that, even at the present time, 
vessels in general arc usually spoken of, while it should almost always be necessary 
accurately to designate the kind of vessels which is meant. In the old humoral 
pathology the veins exclusively were regarded as the channels for the blood. This 
is readily understood when it is considered that even today congested veins chiefly 
attract the attention of physicians and anatomists, because they are to a large 
^^xtent superficially placed and, hence, become prominent in irritative and inflam- 
matory processes. However difficult it may be for many physicians to refer blush- 


^ Virchow’s Archiv, Bd. 149, Heft 3, p. 381. 
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ing originated through nervous influence to the veins, it is equally ten^ttug for tlieto 
to regard the “injection"’ observed in irritation of mucous membranes, especially in 
chronic inflammations (conjunctivitis, pharyngitis, tracheitis, gastritis), as arterial, 
or even capillary, instead of venous. 

Up to the time when the arteries were demonstrated to be blood-conducting 
channels and the occurrence of blood within them was no longer referred to an 
error loci, a participation of the arteries in inflammation in the modern sense was 
not considered. The latter began with the discovery by Harvey of the continuity 
of the circulation. This, it is true, was somewhat more than two and a half 
centuries ago. But it should not be forgotten that it was not until forty-two years 
later that Malpighi saw the capillary current, and that the capillary vessels, i,e,, the 
limitation of the capillary current by proper walls, were not demonstrated until 
our own time. What wonder, then, that the attitude of the vessels to the local 
processes continued to be a subject of dispute; that the important question as to 
the formation and origin of vessels in their relation to inflammation was answered 
in a manner entirely at variance with the views entertained at the present day. 

To Marcello Malpighi will always belong the credit of having displaced simple 
theoretic speculation by actual observation. With him, who not only observed the 
capillary current in motion, but also discovered the fibrin and red blood-corpuscles, 
began a new and lasting alteration in the theory of inflammation. Malpighi was the 
first physician to employ the microscope in the exploration of the intrinsic structure 
and the finer vital processes of the different portions of the body, and through his 
efforts a technique, until then unknown, was introduced into scientific research. 

Strange to relate, it is still a serious task of modem teachers to accustom 
medical students to the thought that the capillary vessels, upon which so much 
depends in the study of not only inflammations, hut also of numerous other 
physiologic and pathologic phenomena, cannot be seen with the naked eye, and that 
a simple macroscopic examination, therefore, docs not suffice to form an opinion as 
to the nature of the role played by the vessels. Indeed, it can readily be under- 
stood that even the microscopic observations of the first decades of the nineteenth 
century, conducted without knowledge of the capillary walls and with imperfect 
optical instruments, were chiefly productive of erroneous results. In that period 
especially belongs the revival of the old idea of the origin of new capillary vessels 
in the beginning of inflammation, and of the inflammatory exudation associated 
therewith. 

This exudation assumed a foremost position in observation when, in the course 
of the first half of the nineteenth century, pathologicoanatomic research became 
more and more extended and also formed the basis of clinic discussion. Of the 
four cardinal symptoms of inflammation, which the Galenic doctrine had made the 
common property of physicians, but two : rubor and tumor, came within the sphere 
of pathologicoanatomic research, while the other two: color and dolor, remained 
to the clinician and the experimental pathologist. Of the former two, tumor was 
interpreted as the constant sequela of inflammatory exudation. Thus, it came to 
pass that, chiefly through the later Vienna school, exudation attained fhe foremost 
position in the symptom-complex of inflammation. Quite logically, attentian was 
directed toward accurate examination of the exudates and so far with good reason, 
since rubor frequently disappears in the cadaver and is, therefore, valueless as a 
constant symptom. 

Here a most striking and important change of ideas immediately took place. 
While the word tumor was used to designate swelling of the organs (an iniumrs^ 
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cenHa)t the word txsudatio conveyed the idea of a free substance escaping or 
exuding from the organs. Hence, the composition of the exudates escaping from 
the surfaces of mucous or serous membranes, be they located either exteriorly or 
within channels or cavities, was zealously studied with the aid of optic and chemic 
means. If, however, a swelling occasionally appeared (e,g., in hydrocele, a tumor 
of the testis^ in an ascites, swelling of the abdomen), a free exudate was. never- 
theless, always present external to the organs and no intumescence of the organs 
themselves. For inflammation, however, two chief varieties of exudates were 
recognized, viz., the fibrinous and the purulent, which served as sufficient proof of 
previous or still-existing inflammation. Upon this basis rests the differentiation 
into adhesive and purulent inflammation universally accepted since the time of 
John Hunter. 

Since, however, the simple tumefactions, which unquestionably are very fre- 
quent, could not be explained by the free exudates, infiltrations were introduced to 
explain them. Here it was assumed that substances were separated from the vessels 
and entered the neighboring tissues, but did not advance beyond the free surface of 
the organs. But many organs possessed no free surface, e.g., the brain, to which, 
nevertheless, not one, but several varieties of inflammation were credited. 

Under the influence of these views, the ontologic idea of inflammation, which 
had been held for centuries, was gradually lost. Xot only were the signs, the 
so-called cardinal symptoms, obliterated, but the nature of the changes also proved 
to be different, and it became necessary to distinguish the kind of inflammation 
under observation by adjective additions. For the unprejudiced observer, no doubt 
could remain that the nature of the alterations could by no means adequately be 
expressed by the word inflammation. But one thing remained: that for every 
kind of inflammation the participation of the ves.sels appeared to be the starting 
point for the collective process as well as for the varieties of the same. 

It was in this period that Virchow directed attention to the parenchyma 
of the organs. He used the word, in the sense adopted by \>sal and Th. Bartholin, 
to designate the tissue k)cated outside or between the vessels ; hut within this tissue 
he differentiated the specific parts to which the organ owes its peculiarity (the 
substantia propria) from the interstitial tissue. Hence, he applied the name 
‘‘parenchymatous inflammations’ to those priKcssos which caused 
swelling of the specific parts of an organ. 

Virchow’s conception of inflammation, which assumed that the tis- 
sue-cells, excited to greater activity by the inflammatory stimulus, took 
up more nutriment, increa.sed in size, and proliferated, thus forming the 
inflammatory cellular constituents, the circulatory disturbances being 
regarded as of secondary imixirtance, has given rise to much 
confusion. Aside from the fact that circulatory disturbance has been 
shown to be of predominant importance in inflammation, Virchow’s 
dieory should be discarded not only because it is untenable, but because 
't renders impossible the separation of inflammation from certain purely 
‘Iterative and progressive processes. On the basis of this theory many 
! 'recesses are designated as parenchymatous inflammation which, strictly 
peaking, are degenerative in nature. It .should, therefore, be emphasized 
' parenchymatous degenerative alterations occurring without the phc'* 
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nomena of inflammation (exudation) should not be designated as paren- 
chymatous inflammation, but only as parenchymatous degenerations. 
Only when, in addition to true inflammatory phe- 
nomena, regressive or progressive processes are pre- 
dominant, especially in the parenchyma, can paren- 
chymatous inflammation be said to exist. On the other 
hand, every inflammation is interstitial, because it occurs especially in 
the interstitial tissue in which the vessels are situated. Here, 
also, interstitial inflammation can be said to exist only in so far as the 
interstitial changes, as compared with those observed in the parenchyma, 
are decidedly predominant. 

With full appreciation and application of the above distinctions, 
alterative, productive, and exudative parenchymatous or interstitial in- 
flammations, respectively, can be differentiated. As, following the prece- 
dent of Virchow, there still is a tendency to designate as “parenchymatous 
nephritis, neuritis, encephalitis, myelitis,*’ etc., processes which are purely 
degenerative in nature, and not in any sense inflammatory, it is advisable 
to employ such terminology cautiously and as infrequently as possible. 
In certain organs, however (lungs, kidneys, etc.), topographic designation 
is of value, since the inflammatory phenomena may be most marked in 
the parenchyma. For example, in scarlatina, chiefly the glomeruli of the 
kidney are affected : glomerulonephritis. This does not, however, desig- 
nate the character of the inflammation, but indicates simply that 
the inflammatory process involves principally the glomeruli. 

The parenchymatous alterations occurring in inflammation are at 
first chiefly degenerative: cloudy swelling or albuminous degeneration, 
fatty infiltration and degeneration, absorption of water (hydropsic 
swelling), colloid degeneration. (See Degeneration, p. 139.) In high 
degrees of inflammation the local processes are followed by alterations 
in remote parts of the body, which are due to the action of toxic sub- 
stances associated with the inflammatory process : c .y., toxins of bacteria 
or injurious metabolic products of the affected tissues. These alterations 
also are manifested by degenerative changes — cloudy swelling, fatty 
degeneration, etc.— of different organs; tumefaction of the lymphatic 
glands, fever, increase of leucocytes in the bone-marrow, and, therefore, 
also in the blood (leucocytosis), and the formation of antitoxins. 

Exudative Inflaminatioiis, — In these forms of inflammation the 
exudative phenomena predominate. According to the nature of the 
exudate, a number of varieties are differentiated: — 

1. Purulent inflamination. 5. Catarrhal inflammation. 

2. Serous inflammation. 6. Caseous inflammation. 

3. Hemorrhagic inflammation. 7. Ichorous (putrid) mflammstton. 

4. Fibrinous inflammation. 
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Pimilent inflammation is generally divided into two forms: 
(a) those occurring in the interior of the tissues: so-called inter- 
stitial suppurations, and (b) those occurring upon the surface of 
serous or mucous membranes. 

(a) In the interstitial type there is always formation of pus 
within the interstitial tissue, at first as a purulent infiltration, 
which is preceded by exudation of a serous or serofibrinous fluid. The 
pus is almost exclusively derived from the blood by emigration of col- 
orless (white) blood-corpuscles. Two forms of interstitial suppurative 
inflammation are differentiated, namely, phlegmonous: diffuse 
suppuration with mortification and thrusting-off of necrotic shreds, and 
abscess: circumscribed suppuration with solution and disappearance 
of the tissue without separation of necrotic masses, with forma- 
tion of a (pus) cavity. Both phlegmon and abscess begin with 
inflammatory edema. This edema fluid is at first almost 
clear, but becomes more and more clouded by gradual accumulation 
of emigrated white blood-corpuscles (leucocytes). An abscess may 
rupture externally, and. after discharge of the contents, finally heal by 
cicatrization. If the abscess is situated at some distance from the sur- 
face, the pus, partly of its own gravity, partly following the route of 
least resistance of the surrounding tissues, penetrates the adjacent struc- 
tures, and, by new purulent solution of tissue, makes its way to the 
surface : gravitation, burrowing, or congestive abscess. 
In this manner quite long and narrow sinuses — fistulous pas- 
sages — frequently develop, which are lined with a layer of granula- 
tion tissue : so-called pyogenic membrane. 

Sometimes the pus remains in loco, is transformed by inspis- 
sation into a cheesy substance (caseation, tyrosis), and is sepa- 
rated from the living tissue as a dca<l mass by a reactive connective-tissue 
capsule. The caseated and encapsulated abscess very frequently is the 
seat of deposition of lime-salts. Much less frequently the pus is trans- 
formed by fatty metamorphosis into a readily absorbable 
emulsified mass. 

Likewise, a phlegmon, which usually is progressive in character, 
may spontaneously become circumscribed, and, after discharge of the 
necrotic parts, gradually heal. In other instances, however, it advances 
and causes either death of the individual or more or less extensive 
destruction of the affected tissues. 

Accumulation of pus beneath the horny stratum, in the lower 
portion of the epidermis (rete Malpighii), with partial liquefaction of 
ihe underlying epithelial layers, results in the formation of a so-called 
instule. 
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^ In purulent secretion of many surfaces (pericardium^ pleura, joitits; 
etc,)> marked accumulation of pus in preformed cavities may readily 
occur; such accumulations of pus are designated as empyema. 

Pus is a yellow or greenish-yellow, cloudy, creamy, slightly aika* 
line fluid consisting chiefly of a liquid and pus-corpuscles (leucocytes). 
The liquid is closely allied to blood-serum, buf contains no fibrinogen, 
and is rich in globulin. It not infrequently contains also mucus and 
flocculi or shreds of fibrin. The pus-corpuscles possess active ameboid 
movement ; in the dead state thej^ are usually round, slightly trans- 
parent, faintly granular, and generally contain several (2 to 7 ) sm^all, 
round nuclei without nucleoli (so-called fragmented nucleus, polynuclear 
leucocytes), and fat-droplets. Some of the pus-corpuscles have a single 
nucleus (mononuclear). It is often observed that as far as the puru- 
lent infiltration extends the mononuclear pus-corpuscles are in 
excess, and that where liquefaction of the tissues already has 
occurred almost only cells with fragmented nuclei (polynuclear leuco- 
cytes) are to be seen. 

In some cases the pus is more watery in character and poorer in 
pus-corpuscles. The prognosis in these forms of suppuration is usually 
more unfavorable, because the disposition to localization of the sup- 
puration is less. The most malignant forms of suppuration are those 
accompanied by gas formation (see Gaseous Phlegmon, p. 498) or putrid, 
gangrenous states. These phenomena are due to especial conditions (the 
pyogenic agent and complications). 

The causes of all suppurations are chemic — whether chemic substances, such as 
turpentine, croton oil, cinnamic acid, mercury, and others, or products of bacteria or 
the bacteria themselves. The latter, from the standpoint of the practitioner, are by 
far the most frequent and almost exclusive causes of suppuration. Among the 
bacteria, two varieties of cocci — s taphylococci and streptococc i— are 
considered to be the most frequent pyogenic agents. While Staphylococcus pyogenes 
aureus and albus (see p. 498) generally produce more circumscribed suppura- 
tions (pus of creamy consistency : pus bonum et laudabile of the Ancients), the 
streptococci (see p. 498) cause the above-mentioned more malignant sup- 
purations, which have a great tendency to spread and produce a more watery pus. 
When a suppuration possesses an ichorous, putrid character, this condition is due 
to putrefactive microbes and an especial disposition of the tissues. 

As a pronounced chemic action is present in suppuration, the accumulation by 
emigration of countless colorless corpuscles at the point of chemic action is 
designated as c h e m o t a x i s . According to Buchner, the chemotactic — attractive 
— action upon the colorless blood-corpuscles is not exerted directly by the chemic 
substances introduced, but by new'- formed metabolic products of the tissues 
(proteid bodies) elaborated as the result of the action of the chemic substances 
upon the tissues. When chemotactic action is exerted through the agency of 
bacteria, it is not the excretions of the bacteria, but disintegratioii products from 
the richly albuminous bodies of the bacteria, which act in this manner. Therefore, 



INFLAMMATION. 


175 


in baclerial .suppuration the chemotactic — attractive — action is due to the proteid 
bodies of disintegrated bacteria as well as to the albumin bodies produced by 
destrui^ive action upon the tissues. i 

The simple introduction of pyogenic bacteria does not, however, suffice to 
produce a bacterial suppuration. If, for example, a pyogenic agent is injected into 
a vein, no infection results, because the bacteria are destroyed in the circulating 
blood by virtue of its bajctericidal properties. In order to excite suppuration,^ 
bacteria in general must be^able to locate and increase at some point, for example, 
in a wound. If infection occurs in this manner, its further course is essen- 
tially dependent upon two conditions: 1. the virulence of the bacteria; 2, the 
physic and chemic state of the tissues, ^here are portions of the human body in 
which a suppuration once cstafdished almost invariably progresses much more 
unfavorably than in others: and different persons are affected very differently by 
pyogenic agents, just as differently as by the bites of insects, so that under the 
same conditions of exposure to infection one individual acquires a suppuration, 
while another remains healthy. In many cases the resistance of the tissues may 
be so greatly reduced by local (erusliing, etc.) or general nutritive disturbances 
(e.g., diabetes), and, perhaps, at the same time furnish such a favorable (chemic 
and physic) soil for bacteria, as to render the course of suppuration especially 
severe and unfavorable. 

In most infectious diseases the injurious action of the pathogenic agent is 
due to formation of substances, very susceptible to external influences, called 
bacterial toxins, the chemic nature of which is not accurately determined. 
Some of these are soluble, diffusible substances produced by the bacterial cells and, 
when isolated, produce the same symptoms as are excited by the pathogenic agents 
themselves. In a number of other infectious diseases the pathogenic action is 
exerted by so-called endotoxins, which can be isolated by boiling with caustic 
potash, ie., toxic substances intimately connected with the bacterial cells and liber- 
ated only on their death and disintegration. Here belong also the bacterial 
proteins, which are characterized by great resistance to high temperatures. 
The pathogenic bacteria are assumed also to produce substances (aggressins) 
which render the tissue-cells less resistant to invasion. 

The solvent and histolytic (proteolytic) properties of pus have been known 
for a long time, Leber and others have indisputably demonstrated experimentally 
that the pus, and not the metabolic products of bacteria or other chemic substances, 
possesses the property of dissolving not only solidified gelatin and coagulated egg- 
albumen, but also living tissues. This solvent power, called histolysis, 
proteolysis, is chemic in nature and due to the action of proteolytic 
enzymes, which, according to recent investigations, although present in the 
fluid exudate, are not connected with the liquid, but with the pus-corpuscles them- 
selves. There are also present in the exudate antiproteolytic enzymes, which tend 
to arrest the action of the proteolytic ferments.2 


1 According to some authorities, bacterial toxins also exert chemotactic action. 

* S. Weil has recently shown (Deutsch. med. fVoch,, Jan. 12, 1911, p. 66) that 
inflammatory pleuritic and peritoneal transudates poor in leucoc^es exert upon a 
nunfber of bacteria a marked bactericidal action which is the stronger the more 
mi^kedly ^inflammatory’" the character of the transudate. In siich inflammatory 
fluids there is accumulation of protective substances which probably are not specific 
but of a general nature. From this point of view, an abundant transudate is an 
expression of strong resign of the organism, and thorough removal of this 
protective fluid would be inadvisimle. 
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(b) Certain surfaces and nieniibranes in the inflammatory state ut€ 
particularly prone to generate exudative products. In the front rank 
stand the mucous, serous, and synovial membranes. In 
its capability to form exudates, the inner surface of the pulmonary alveoli 
resembles these, because in this locality there are many superficial ves- 
sels. Above all, it is necessary that the surface be vascular: that blood 
be there from which the exudate can be formed under the action of 
cells. Poorly vascular or nonvasciilar surfaces (for example, the endo- 
cardium, articular cartilages) cannpt form exudates. Likewise, the 
intima of the arteries and veins manifests no dijjposition to elaborate 
exudates, and, hence, there is no exudative arteritis or phlebitis. The 
external skin would more frequently form exudates were the nonvas- 
cular epidermis absent; this holds back the exudate, so that vesicular, 
bullous, and pustulous affections develop in the skin, as a result of which 
the epidermis is elevated. 

According to the character of the exudates elaborated by serous, 
mucous, and synoviaP surfaces, several categories are differentiated: — 

1. Mucous exudate. 3. Serous exudate. 

2. Cellular exudate : — 4. Fibrinous, croupous, pseudomembran- 

(fl) Epithelial cells: desquamative ous, or diphtheritic exudate. 

exudate. 5. Ichorous, putrid exudate. 

(b) Leucocytes: purulent exudate. 

(c) Erythrocytes: hemorrhagic ex- 

udate. 

The mucous, desquamative, and purulent exudates 
[(1, 2 (a), and 2 {b)]y limited to the mucous membranes, are generally 
classed as c a t a r r h s The desquamative and mucous catarrhs con- 
stitute the milder forms. Mucous membranes provided with pavement 
epithelium produce chiefly desquamative catarrhs (proliferation of the 
epithelial cells and exfoliation in more or less large lamellae). Thus, 
for example, the tongue (coated tongue), the esophagu.s, vocal cords, 
and pulmonary alveoli are distinguished by the fact that they secrete 
principally cells, while, on the other hand, certain mucous membranes 
covered with cylindric epithelium — the stomach, colon, uterus, air pas- 
sages (trachea, bronchi) — produce principally mucus. The bladder, 
conjunctiva, and middle ear also produce mucous exudates. The small 

The richly vascular arachnoid (in the inflammatory state: arachnitis) fur- 
nishes no free exudate, but an infiltrate; therefore, it behaves differently from the 
serous membranes. 

2 Catarrh, from Kara^^ta = to flow down, because the exudate is readily 
movable. 

3 Ropy, more or less tenacious, frequently glairy masses which coagulate upon 
addition of acetic acid. The mucus is formed in the cylindric cells themselves and 
afterward set free upon the surface. (See Mucoid Degeneration, p. 151.) 
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intestine manifests only a moderate disposition to secrete mucus: catarrh 
of the small intestine furnishes a secretion composed principally of water 
and epithelial cells, though in some instances it may be seromucous or 
mucopurulent. Purulent exudates rarely occur in the stomach (phleg- 
monous gastritis) and small intestine (follicular abscess and ulcer), sel- 
dom in the colon, and frequently in the air passages. Purulent exudates 
are produced by the serous membranes {c.g., emj)yema, purulent peri- 
tonitis), the synovialis of the joints (pyarthros), the middle ear, genito- 
urinary passages (c,g., gonorrhea, cystitis, pyelitis, pyelonephritis), con- 
junctiva, air passages, and rarely the tela chorioidcs and plexus cho- 
rioidcL 

Chronic mucous catarrhs usually produce very tenacious, adhesive 
mucus, which readily stagnates in the excretory ducts of glands (the 
peptic glantls of the stomach, Liebcrkiihn’s crypts of the colon, and the 
glands of the cervix uteri), and by gradual local accumulation causes 
dilation of the glands themselves. The latter condition may give rise to 
small cysts, so that the mucosa contains either isolated, small, glassy 
cysts — oviila Nabotliii in the cervix uteri — or is more or less densely 
studded with cysts: gastritis, colitis, chronic cystic catarrhal endometritis. 
These cysts may, like a foreign body, irritate the adjacent tissues and 
cause proliferation, so that as a result of proliferation the cysts protrude 
a])ove the surface and develop into pedunculated formations or small, 
cystic polypi (colitis, chronic cystic polypoid catarrhal endometritis). 

In the air passages, chronic mucous catarrhs, by continued irritation, 
favor calcification and ossification of the tracheal and 
h r o n c h i a.l cartilages. In the smaller and minutest bronchi 
cliroiiic catarrhs sometimes produce a chronic, fibrous, obliterating 
bronchitis. 

Under certain conditions atrophy of the glands occurs as 
a result of chronic mucous catarrhs, of the nose and nasopharynx, 
that the mucosa finally becomes dry. 

Chronic catarrhs of the vagina (chronic ftuor albus, leucorrhea) 
impart to the vaginal mucosa a peculiar smoothness and a vlense, often 
leathery consistency: smooth atrophy of the vagina {atrophia 
bci'is vagifKje), 

In . p u r u 1 e n t catarrhs (blennorrhea) the exudate either 
llnws downward {e,g., out of the nose, vagina, urethra) or remains 
(e,g,^ in the smallest bronchi). In the latter case either caseation 
ins])issation or fatty metamorphosis and absorption occur. 

As pus possesses the property of liquefying tissues by a kind of 
<'‘^yme action (see p. 175), and, when inclosed, spreads downward by 
kfavity or in the direction of least resistance by virtue of its infectious 

12 
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properties, sacculated collectious of pus (especially in the abdomen) may 
rupture into adjacent organs (from without inward); for example, an 
hepatic abscess may rupture through the diaphragm into the pleural 
cavity or into the lungs; a pcrityphlitic exudate into adjacent intestinal 
coils. 

In hemorrhagic exudates the product is not alone hemorrhage, 
but hemorrhage plus exudate, i.c., two elements. The exudate may be 
mucous, fibrinous, or purulent. A classic example of hemorrhagic exu- 
date is fibrinous (croupous) pneumonia: extravasate plus fibrinous 
exudate. (See Fibrinous Pneumonia.) 

Serous exudates occur as the initial stage of inflammation, form- 
ing in the tissue-spaces the so-callcfl inflammatory edema, and in the 
body cavities (c.g., pleura) inflammatory hydrops. serous fluid 

contains relatively few cells (leucocytes), which may disintegrate and 
cause precipitation of fibrin : .serofibrinous exudate. 

Fibrinous, croupous, pseudomembranous, or diphtheritic 
exudates. 1'he true seats of filirinous exudates^ are the serous mem- 
branes (r./;., pleura, peritoneum, pericardium); the respiratory tract, 
including the nose and nasopharynx (especially in children); the 
pharynx; the synovialis; the alveoli of the lungs; less often the con- 
junctiva, middle ear, and other .surfaces, c.g., the mucosa of the gastro- 
intestinal canal. 

In the s e r o u s m e m h r a n c s the exiulate may be purely 
fibrinous (dry: pericarditis and pleuriiis sicca); usually, however, 
it is accompanied by exudation of serous fluid (serofibrinous exudate), 
and often of blood (fibrinous pneumonia). If large amounts of watery 
fluid or pus are exuded with the fibrin, these, when present in the peri- 
cardium, the abdominal, and pleural cavities, may produce signs of 
compression and interfere with the functions of the heart, the lungs, etc. 
In the lungs, partial atelectasis is most frequent : simple red atelectasis, 
when the exudate is not too large; when, on the other hand, it is very 
abundant: anemic compression atelectasis. 

Under certain conditions fibrinous exudate of the lungs may 
become organized; then carnification occurs — an atelectatic, dense 
state of the lungs, which im])arts to the latter a certain resemblance to 
muscle. This termination, however, is unusual ; as a rule, resolution 
takes place; less frequently caseation, suppuration, or gangrene. 

Upon mucous surfaces the exudate generally assumes the 
form of a pseudomembrane, which is either superficial (croup) or deep 

1 Exudation of fibrin in firm, coagulated form. The fibrin remains in loco, is 
not movable as in other exudates; this is the reason fibrinous inflammation 
(e.g,, of the pleura) so often occurs as a localized, circumscribed process. 
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(diphtheria sec p. 523 ) . In the superficial form of pseudo- 
membranous exudate there is necrosis and loss of the epithelial layer 
of the affected surface. The deep form is attended by more or 
less extensive necrosis and sloughing of the mucous membrane, par- 
ticularly marked in the intestinal mucosa. In the respiratory passages 
the pseudomembranous development may be so exuberant as completely 
to occlude the lumen. The under surface of those pseudomembranes 
exfoliated or removed from surfaces in which the mucous membrane 
lias not sloughed presents numerous depressions and excavations, ar- 
ranged in sieve-like order, which correspond to the ostia of the mucous 
glands upon which it rested, and are produced by exudation of mucus 
wliich indented the pseudomembrane at these points. 

In the serous membranes the fibrinous exudates are caused by the 
])neumococcus (lungs, ]>leura, meninges), streptococcus, and meningo- 
coccus (peritoneum and meninges) ; in the mucous membranes, par- 
ticularly the diphtheria bacillus and strc])toc()Ccus (respiratory tract, 
conjunctiva), and also other bacteria (intestine) and toxic substances 
( mercury : intestine ) . 

Ichorous, putrid exudates, the most virulent forms of exudative 
inflammations, originate through the action of materials in a state of 
decomposition and containing bacteria; they are characterized by the 
olVcnsive odor and the discolored appearance (c.//., ozena; putrid bron- 
chitis). 

Among the sequelae <»f exudative intlammations, ulceration and 
adhesion deserve cs])ccial mention. 

In ulceration there is loss of substance, which is thrust 
off externally. 'Hie ulcer need not necessarily secrete any kind of 
material, cjj., pus. .‘Special forms of ulceration are: Indolent, 
atonic ulcer, which manifests no dis|x^sition to heal; rodent 
ulcer,- wdiich has a ])rogressive. more or less rapidly invading char- 
acter; serpiginous ulcer, which cicatrizes at one side while it 
advances at another; gangrenous, necrotizing ulcer, which 
aasts off gangrenous masses; in this case the ulcer base has the same 
character as the sloughed material — is not cleansed. As a rule, ulcers 
by the formation of granulation tissue, /.c., young, very 
vascttlar, and richly cellular connective tissue, which forms .small, red 
gninulcs (granula) upon the free surface. The termination of healing 
< ^ce p. 162 ) is always e i d e r m i z a t i o n , which starts from the 

. is now the custom to designate as diphtheria those forms of pseudomem- 

to the Loffler bacillus. 

^ The phagedenic ulcer also is a rodent ulcer which, however, extends only 
the surface. 
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epithelium at the margin of the ulcer. The formation of skin is some- 
times prevented by too intense development of granulation tissue — ^so- 
called “proud flesh,’' caro luxnrians. The scar (cicatrix) which 
finally takes the place of the ulcer develops from a primarily very vascular, 
soft tissue with a small amount of intercellular substance which, by 
gradual increase of the latter, is converted into a dense, rigid, poorly 
vascular, and, therefore, pale connective tissue, and with advancing con- 
densation forms quite broad, firm sclerotic bands. Scar formation is 
usually accompanied by retraction; hence, the cicatrix often occupies 
a lower level than the surrounding parts, and sometimes has a radiate 
appearance at the point of junction with the healthy tissue. 

Adhesion,^ agglutination or union of two apposed surfaces, is the 
most frequent result of fibrinous inflammations of serous membranes. 
It is produced by organization of the fibrinous material. Flat and cord- 
like adhesions are differentiated. Partial adhesions very frequently 
occur between the pleun'e; complete adhesion of two apposed surfaces 
in their wdiole extent causes obliteration of the affected cavity, for ex- 
ample, of a pleural cavity. Fibrinous exudates, however, produce adhe- 
sions only when two apposed surfaces are inflamed and the endothelial 
covering destroyed; when only one side (of the pericardium, etc.) is 
inflamed and covered wdth exudate, no adhesion occurs, but, as a i*ule, 
circumscribed, tendinous thickening (macula tcndinca), and, finally, 
with recurring inflammation, a callous induration (c.g., perisplenitis 
callosa). 

Productive inflammation begins in the stroma- of the organs, 
t.c., within the supporting substance of the parenchyma, in the form of 
cellular growth (proliferation) of the interstitial connective tissue, 
which, however, does not result in purulent softening, but in the forma- 
tion of a durable, very dense, cicatrix-like tissue: induration. 
In this process three stages may be differentiated: 1, proliferative 
stadium; 2, true connective-tissue stadium, and, 3, cicatrix stadium. 
In the first stage is seen only a granular mass which corres{)onds to the 
nuclei of the freshly proliferated connective-tissue cells and, even on 
observation with lenses of medium magnification, appears roughened 
or distinctly granular. These young, primarily round cells develop into 
spindle-shaped and stellate connective-tissue cells, and thus is produced 
a fibrillated intercellular substance. The intercellular fibers subsequently 
contract, as in all pathologic new-formed connective tissue, and become 
more straight and elongated. Then follows (as a result of further 

1 See p. 162. 

2 The stroma (struere: intersperse) is composed of vessels, nerves, and 
accompanying or binding connective tissue. 
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contraction of the intercellular substance and coalescence of adjacent 
straight fibers) the formation of dense sclerotic bands — the termination 
of the process, the true cicatrix stage: cicatrization. The firm- 
ness of the new-formed connective tissue is due to the production of 
fibrillated intercellular substance. The more this retracts and con- 
denses, the more the intervening parencliyma atrophies. The 
termination of the process, therefore, is more or less complete destruc- 
tion of the parenchyma by induration and diminution in size of the 
affected organ (granular atrophy of the kidneys, cirrhosis of the liver, 
myocarditic indurations, q.r,). 

Productive inflammation always occurs in the neighborhood of dead 
or foreign masses. If the foreign bodies and dead parts exert only a 
simple irritative action, a scanty, <lense connective-tissue capsule 
result^; if the irritation is more intense, a dissecting puru- 
lent inflammation develops, which, under certain conditions (for ex- 
ample, an emlK)lus of infectious materia! containing bacteria), terminates 
in abscess (metastatic abscess in the lungs, liver, kidneys, heart, skin, 
etc.). 

FEVER. 

Fever {febns, from ferveo: Trvptroi^ from to rrvp) is characterized 
by increase of the body temperature beyond the normal measure — by 
pathologic elevation of the animal heat — due to internal causes.^ It is 
not a disease, but only a manifestation, a i)rocess occurring in the course 
of many diseases.- While the exact mechanism of fever is still unex- 
plained, the phenomenon is assumed to be due to the action of certain 
soluble, so-called pyrciogcnctic Md)slances. which, in the majority of 
instances, are toxins contained within or elaborated by bacteria or pro- 
tozoa. To these must be added autointoxication with products of dis- 
integration of organic constituents (injurctl or broken-down cells^), to 
which so-called ‘'aseptic surgical fever'* is due. In liow^ far these toxic 
substances directly influence the chemic metabolism of the body or act 
U|x>n the regulatory centers of the central nervous system is undeter- 
mined. Fever due to local affection of these centers, c,g,, in cerebral 
diseases, injuries, etc., is rare (Gierke). 

^ According to Galen, fever is : calor propter naturam (propter: beyond, i.e., 
heat above the ordinary degree, due to internal causes). 

2 The temporary rise of temperature due to violent muscular movements 
(epileptic convulsions), insolation, etc., cannot hi classed as fever. 

® Rise of temperature may be caused by disintegration of red blood-corpuscles, 
hy transfusion or injection of water into the blood, or in absorption of large 
hemorrhagic effusions: in fracture, etc.; liberation of fibrin ferment under similar 
^nditions; after intravenous injection of physiologic secretions: milk and urine. 
Hypernephroma and other tumors may proaucc fever by formation of toxins which 
^nter the cii^oulation. 
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The average temperature of the body is generally considered as 
37.2® to 37.4® C.^ This is iiot constant, however, but is subject to cer- 
tain variations. Usually it is lowest in the morning after the night’s 
rest, and highest in the late afternoon hours (between 6 and 7 o’clock). 
It rises with muscular and glandular activity (work and digestion), and 
falls with strong radiation from the surface of the body to the surround- 
ing medium. The maximum daily variation amounts to not quite 1® C. 
In the normal condition the temperature, by virtue of the regulatory 
power of the body (perspiration, etc.), never rises above 38.0® C. 
Temperatures of 38.0° to 38..S° C. are designated as slight febrile; from 
38.5° to 39.5° C. as moderate febrile; to 40.5° C. as pronounced febrile; 
above 39.5® C. in the morning and 40.3® C. in the evening as high febrile, 
and above 41° C. to above 42® C. as hyperi)yrexia. 

Suppurations and tuUerculosis manifest a very variable type of fever. ^ Very 
frequently the fever is remittent, but it may be also continuous, and there may be 
afebrile intermissions. Therefore, a remittent fever of obscure origin must be always 
interpreted as an indication that somewhere in the body a purulent or tuberculous 
focus exists from which absorption of poison occurs. 

As a rule, several stadia of fever can be differentiated, especially 
in the acute febrile infectious diseases. The initial stadium — 
py retogenetic — includes the onset of the disease and its course 
up to the lowest of the temperatures characteristic of the high stadium 
{fastighim, acme).. The first stage is short or long according as the 
fever rises rapidly or slowly. A sharp rise of the fever curve is almost 
invariably accompanied by chill. During the chill either only the mus- 
culature of the cutaneous vessels (pale, cool skin; subjective sensation 
of chilliness) and of the hairs (goose-skin) is contracted or 
.spasms occur in other groups of muscles: trembling, chattering of the 
teeth, to the most violent attacks of shivering. The chill may last 
for from a half-hour to two hours. With its subsidence the second 
stage, the fastigium (acme), begins, the stage also in which the patients 
experience the sensation of heat. The duration of this stage varies 
between a few hours and several weeks. In a favorable course the third 
stage now follows ; the stadium of defervescence — the return 
to the normal temperature. This may occur quite suddenly and quickly: 
crisis, or more slowly and protractedly : lysis. In critical de- 
cline the temperature falls abruptly to normal, usually within a few 
hours, accompanied by quite profuse perspiration. 


i In adults, the axillary temperature is from 36.2° to 37.5° C ; the rectal and 
vaginal temperature from 36,8° to 38° C. In children, the temperature in lihese 
localities is somewhat higher. The blood is warmer than external parts a*td 
averages about 39° C. 
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Decline by lysis generally extends over many days, usually with 
distinct oscillations, the maximum and minimum becoming each day less 
than on the preceding day. The stage of convalescence, 
which follows the stage of defervescence, is distinguished by the fact 
that so long as the patient is kept in a very quiet and proper state the 
temperature remains normal, but on the slightest provocation is still 
subject to unusually great oscillations, because the regulatory forces 
do not as yet functionate in the same manner and as promptly as in 
health. Any strained movement of the body, psychic excitement, indi- 
gestible or very hearty meals suffice to call forth distinct, pathologic 
elevation of temperature. 

In an unfavorable course, death almost always occurs in the acme 
(fasti<jium) , sometimes without the temperature undergoing any change, 
but more frequently, however, under very pronounced deviations. Death 
is preceded either by a marked continuous rise of temperature (above 
42° C. — so-called agonal elevation of temperature) or a very abrupt 
decline (collapse 1 em pe r atii rc^ ), or the temperature varies 
within very wide limits, quite sudden elevations and declines alternat- 
ing with striking rapidity. 

Three different types of fever are differentiated:* the continuous, 
the remittent, and tlie intermittent types. Continued fever is 
characterized by very slight daily variations; the difference between 
maximum and minimum does not exceed 1° C. In remittent 
fever these variations arc more pronounced, i.e., greater than 1° 
C. Intermittent fever consists, as it were, of a number of 
febrile attacks (paroxysms) interrupted by afebrile periods (apyrexia). 
Each single paroxysm of fever has an initial, an acme, and a defer- 
vescent stage, and runs its course within a few hours. The afebrile 
intervals are almost always longer than the febrile paroxysms. The 
latter, in .spite of the intermissions, are considered as one disease, 
since they are due to a single cause. A quotidian, a tertian, and a 
quartan intermittent fever also are differentiated according as the suc- 
ceeding paroxysms recur on the second, third, or fourth day after the 
first attack. 

Many diseases have a typical fever curve (c.iry., typhoid, intermittent 
fever, etc.). The curve always manifests certain individual variations, 
though the essential, characteristic points are usually always repeated, 
so that the existence of intercurrent processes (complications, etc.) can 
be surmised from the occurrence of striking deviations. In the chronic 

^Associated with cold, pale extremities; bluish lips and nails; flabby skin; 
small, ^ irregular pulse ; great prostration ; cold sweat, dixziness, and slight hebetude. 
Recurrent fever is an especial form. (See p. 502.) 
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febrile affections there is no constant curve. Often, indeed, the various 
stadia cannot be recognized, because long-continued reihissions and 
exacerbations alternate in a very irregular manner. 

The constant and essential pathognomonic phenomenon of fever-r- 
the pathologic augmentation of the body (animal) heat — is due to in- 
creased metabolism. The whole process of tissue metamorphosis in the 
organism is augmented in fever. The absorption of oxygen, the elimi- 
nation of carbonic acid, the excretion of urea, and the radiation of heat 
are increased. As digestive disturbances, nausea, disposition to vomit, 
and diminished assimilation of food are also present, every fever has 
the character of a quick consumption (most marked in hectic fever). 
As a result of the increased oxidation processes almost all parts of the 
body, not only the blood, but also the parenchymatous juices, the fat, 
the glands, the muscles, etc., are consumed in a more marked degree. 

Recent investigations would seem to indicate that an augmentation in the 
total metabolism does not occur in fever. Hence, the so-called febrile 
consumption must in the main be referred to diminished assimilation. The degree 
of augmentation of O consumption in fever may be moderate, but is never entirely 
lacking. It cannot be reckoned in percentage because of the lack of normal com- 
parative values. According to Roily (Deutsch. Arch. f. klin. Afcd., Bd. 103, p. 116), 
the values for O consumption in fever, except in children and immature subjects, 
are usually about 5 c.c. pro kilo and minute. The increased temperature may be 
accompanied by increased consumption of O and vice versa; this parallelism between 
the temperature and height of O consumption, however, is inconstant. At the 
termination of the fever the O consumption generally declines. As the relation of 
the C to N is unaltered either in the urine, the body proteids or body tissues of 
febrile subjects as compared with the normal, the assumption that there is a qualita- 
tive alteration of metabolism in fever is untenable. Indeed, it is probable that the 
metabolism in fever is qualitatively the same as in the normal and that, owing to the 
inanition and the febrile noxae, an increased disappearance of protein, glycogen and 
also of fat occurs; as a result of the increased disappearance of these substances 
there is augmented respiratory gas-exchange during fever. That the febrile tempera- 
ture alone, when it remains within moderate limits (39® C), causes no especial 
hyperoxidation of proteid substances, has been shown by Roily and others by investi- 
gation of the N excretion. 

Although localized alterations which stand in undeniable relation 
to the fever are observed in many febrile diseases {c.g,, pneumonia, 
typhoid, erysipelas), the local processes by no means suffice to explain 
the fever. The circulatory disturbances always associated with fever, 
the increased frequency of the respiratory and cardiac movements, the 
disturbances of the digestive tract, the marked disturbance in the nerve- 
centers (stupor, delirium, etc.), the rapidity of onset of some feferile 
attacks, and the quick control of the latter by antipyretics 
which act not only upon the lymph-glands (causing leucocytes^) md 
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the infectious germs (hetnamebse in malaria), but also upon the nervous 
system — air these unquestionably indicate a cause located in tlie nervous 
center, even though the substance irritating the nervous system is found 
in the blood (e.g., septic material, metabolic products of bacteria, 
ptomaines). At all events, the process is always chiefly a disturbance 
of the regulatory centers of metabolism, caused perhaps by the action 
of toxalbumins. 

After protracted, but especially after very high and violent, fever, 
cloudy swelling of the myocardium, kidneys, gastric mucosa, liver, and 
body muscles is generally found at necropsy. The relation these paren- 
chymatous cloudy changes bear to the fever as such, i.e., to the high 
temperature, has not as yet been definitely determined. There is, how- 
ever, a general disposition to assume that the myocardium may be so 
influenced and finally so organicly altered by fever that death occurs 
as the result of cardiac weakness. 



MALFORMATIONS. 


Under malformations are comprised all those faulty, ab- 
normal formations of the whole body or of its parts which are due to 
defective intra-uterinc Anlage or to a departure from the normal intra- 
uterine development: 77fia primec formationis. Insignificant deviations 
which produce no very striking difference of form or shape and no dis- 
turbance of function are designated as simple an o in a 1 i c s , while 
those malformations associated with very decided disfigurement of the 
external form are called monstra (Ttparu). Three great groups 
are generally differentiated — monstra per defectum, monstra per cx- 
ccssnm, and monstra per fabricam alienam — which again are divided 
into a greater or lesser number of subdivisions, in accordance partly with 
their origin, partly with their external conformation. 

As to the causes of malformations, little that is positive is thus far 
known. Three theories are advanced to explain the origin of malforma- 
tions: 1, the pathologic theory, according to which |)athologic processes 
in the embryo are supposed to give rise to malformation (Morgagni); 
2, the embryologic theory (Meckel, Gcoflfroy), according to which all 
manifestations are to be considered as the result of arrest of develop- 
ment, and, 3, the mechanic theory, according to wdiich mechanic effects 
(pressure, traction, etc.) arc assumed to be the causative elements. It 
is certain, however, that many simple anomalies are decidedly hered- 
itary, e,g., supernumerary fingers. In other cases, pathologic ^states have 
been positively demonstrated, as, for example, adhesions between amnion 
and fetus; and, finally, there are also a number of observations which 
demonstrate that mechanic conditions, for example, constriction of fetal 
parts by the amnion, may be the cause of malformations. 
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are malformations characterized by incomplete organization. 

I, Defect is the most prominent characteristic: simple malfot* 
matioiis* 

A. Lack or arrest of development of large por- 
tions of the body: — 

1. Amorphus, acardiacus amorphns: formless mass covered with 

skin. 


( 186 ) 



MONSTRA PER DEFECTUM. 


187 


2. Mylacephalus: vertebrae, ribs, i)elvis, intestine, and usually also 
kidneys present; no heart; extremities indicated; cephalic end also is 
indicated by a sometimes hirsute protuberance. 

3. Acephalus: lower part of the body with one or two extremities, 
with various large parts of the spinal column; sometimes with upper 
extremities, also with rudimentary head. Thorax, if present, always 
open anteriorly; heart always absent. The other internal organs may 
be present or absent. 

4. Acormus, devoid of trunk: rudimentary head with imperfect 
brain, without trunk. Insertion of funis in cervical region. 

B. Lack or arrest of development of individual 
parts. 

(a) Head: — 

1. Acrania {kraniosschisis) : Defect of the roof of the skull, mostly 
associated with anencephalia, defect of the l)rain, and adermia; partial 
defect of the skin. I'he base of the skull is greatly shortened. Origi- 
nates through flat synechia of the fetal head with the amnion, or as a 
result of a fetal hydrencephalocclc. (See HI, B. 1.) Acrania is some- 
times also associated with pseudoencephalocele (q.vA. 

2. Ilcmicrania: Rudimentary frontal, occipital, and parietal bones, 
lirain rudimentary or absent; in the latter instance it is usually asso- 
ciated with pseudoencephalocele. 

3. Microcephalus: tex) small brain in consequence of premature 
synostosis of the cranial bones. 

4. Crctitiismns: too short cranial basis from premature ossification 
of the sphenobasilar synchondrosis. (Compare goiter and premature 
synostosis.) 

5. Cyclopia {nionopsia) : both orbital cavities approach each other, 
or both eyes lie in one orbital cavity (originated by confluence of 
both), or one eye (by coalescence of both) lies in the middle line of the 
head in one cavity. In higher grades the ethmoid, septum narium, 
and vomer are absent. Chiasma and optic tract are preserved or lack- 
ittg. Individual parts of the brain are lacking (convolutions, corpus 
callosum, olfactory nerve), or it ends anteriorly as a simple vesicle. 
Pons and cerebellum are usually present; also medulla oblongata, 

6. Agnatliia: absence of the inferior maxilla or lack of the inferior 
maxillary processes of the first branchial arches. As a rule, the supe- 
rior maxilla, palatine processes, and sphenoid bones also are undeveloped; 
the ears approximated to contact on the under surface: synotia. Some- 
times agnathia and cyclopia coexist. 

7. Aprosopns (schistoprosopus ) : greater or smaller parts of the 
face are wanting (e^g,, nose, mouth, eyelids) as a result of incomplete 
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formation of the first branchial arch. In the middle line of the face a 
fissure, so that oral and nasal cavities are not closed. Inferior mafcilla 
present. 

(i8) Vertebral column, spinal cord, thorax: — 

1, Amyelia: general or partial defect of the spinal cord; originates 
through hydromyelocele. (See III, B, 1.) 

2. Absence of individual ribs, vertebrae. 

( y ) Pelvis and extremities : — 

1. Amclus: absence of all extremities. 

2. Peromclus: all extremities are deformed. 

3. Phocomclus: hands and feet are situated directly uixjn the 
shoulders or hips, respectively. 

4. Micromclus: abnormally small extremities. 

5. Abrachius: upper extremities wanting. 

6. Perobrachius: defective forearms and hands situated upon nor- 
mal upper arms. 

7. Microbrachius: one or both arms well developed, but too small. 

8. Monobrachius: absence of one upper extremity. Here must be 
included defects of individual bones of the upper extremities; most 
frequently the radius is absent, less often the clavicle or scapula. 

9. Sympus, siren formation: coalescence of both inferior extremi- 
ties; pelvis and sacrum defective; urethra and rectum without opening. 

10. A pus: absence of lower extremities or short stumps. 

11. Monopus: defect of one lower extremity. The corresponding 
half of the pelvis lacking, often also abdominal wall (prolapse of 
viscera). 

12. Peropus: arrested development of one or both lower extremi- 
ties. 

13. Micropus: abnormally small inferior extremities. Here are to 
be included defects of individual bones of the lower extremities; most 
frequently the fibula or patella is absent. Absence of individual fingers 
or toes {perodactylia) not infrequently occurs; coalescence of fingers 
and toes also is frequently observed (syndactylia) , 

(8) Internal organs, viscera: Absence of whole organs 
is frequent in malformations without head and heart. Complete ab- 
sence of individual organs occurs also in other instances. 

Absence of the nose (or proboscis-like prominence) in cyclopia* 

Absence of the lungs in absence of the diaphragm, in fetal hydro- 
thorax. 

Absence of the lips: achelia. 

Absence of the tongue; aglossia, mostly in agnathia* 
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Absence of the gall-bladder : an abnormally dilated ductus hepaticus 
then exists. 

Absence of one kidney: simultaneous compensatory hypertrophy 
of the other. Both suprarenals present. 

Absence of the suprarenals, especially in defective development of 
the brain. 

Absence of the urethra: in cloaca formation. 

Absence of the urinary bladder : ureters open directly into the 
urethra. 

Absence of one or both ovaries. 

Absence of the uterus. 

Absence of one or both Fallopian tubes. 

Absence of the external female genitalia. 

Absence of the vulva alone. 

Absence of the hymen alone. 

Absence of one or both mammary glands; frequently with simul- 
taneous costal defects. 

Absence of breast nipples. 

Absence of the prepuce. 

Absence of the penis. 

Absence of one or both testes: monorchia, anorchia. 

Absence of the epididymis. 

Absence of the seminal vesicles. 

Absence of the pericardium: in ectopia cordis. 

Partial defect occurs in the brain : c.r/., lack of the corpus callosum. 

Absence of the septum narium (only one, often abnonnally 
small, nasal cavity). 

Absence of the inferior turbinate bone. 

Absence of the epiglottis. 

Absence of the upper section of the esophagus and blind ending 

of the pharynx. 

Absence, partial, of the trachea in communication with the esoph- 
agus. 

Absence of the tracheal cartilages, mostly with abnormal coales- 
cence. 

Absence, partial, of the lungs, with compensation through the other 
lung. 

Absence of the frenulum Ungucc in adhesion of the tongue to the 
floor of the oral cavity ; too short frenulum. 

Absence of the middle section of the esophagus with sacculated dila- 
tion of the upper end; frequently with simultaneous communication with 
the trachea. 
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Absence of the lower portion of the intestine, of the colon, of the 
rectum. 

Absence, partial, of the urethra in epispadia, hypospadia (displace- 
ment of the opening of the urethra to the under surface of the glans or 
of the shaft up to the root of the penis). 

Absence, partial, of the hymen: cribriform hymen and hymen 
fimbriatus (notched hymen), abnomnally wide and hiatiform hymen. 

Absence, partial, of the seminal ducts. 

Absence, partial, of the prepuce: too short frenulum, too narrow 
Oldening of the foreskin (phimosis). 

Absence, partial, of the heart : — 

1. Arrested growth at a very early stage of development (about 
the first fetal month). 

(a) Simple mu.scle sac with rrmr carafe as a result of persistence 
of the undivided embryonal truncus arteriosus (cor bilocularc), 

(b) Ventricle with arteries and auricle with truer cavee, 

(c) Two auricles, one ventricle; aorta simple (incomposite), gives 
off pulmonary veins (cor triloculare biatriatum) . 

2. S e p t u rn defects with deviations in development of the 
arterial ostia.^ The truncus arteriosus communis (primitive aorta), 
which originally served for aorta and pulmonalis, is divided into aorta 
and pulmonalis by the formation of a septum. The formation of this 
septum occurs at about the same time as, and in dependence upon, the 
septum atriorum and septum ventriculorum. Hence, defects of the 
sepia atriorum et ventriculorum and deviations of the ostia frequently 
coexist, deviations in the formation of the septum trunci artcriosi com- 
munis being accompanied by deviations in formation of the septum 
atriorum and septum t'cntriculorum. In deviations in the formation of 
the septum trunci (aortic septum) resulting from false position, de- 
fective development in wrong direction, unequal halves are produced 
which are associated with stenosis formation, atresia, or false position 
of the aorta and of the pulmonalis. The latter is more frequently 
affected by atresia or stenosis than the aorta. The following forms are 
differentiated : — 

(a) Auricular defects. 

(b) Ventricular defects, and in these again are differentiated 
defects of the whole anterior septum: large defects of the (usually 
preserved) pars membranacea up to the anterior wall of the heart, with 
deviated position of the aorta far to the right, and defects in the posterior 
part of the anterior septum. These septum defects may be combined 
with : — 

1 For complete absence of the heart, see p. 187, 
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(a) Stenosis or atresia of the pulmonalis, and stenosis of the 
conus pulmonalis. (See Fig. 37.) In stenosis of the ostium pulmonale 
the pulmonalis is abnormally narrow ; ductus llotalli usually open. The 
whole anterior ventricular septum is lacking. In atresia of the ostium 
pulmonale the anterior ventricular septum is likewise absent. Both ven- 
tricles empty the blood into the aorta. Ductus Botalli open. Foramen 
ovale open. Pulmonalis cord-like, solid. In congenital conus stenosis 
the conus of the pulmonalis is, as it were, separated from the right 



Fig. 37. — Stenosis of the conus pulmonalis of the right ventricle and 
partial defect of the septum carneum vcntriculorum. % natural size. 
(After Langerhans,) 

ventricle by a narrow space. The posterior portion of Ihe anterior 
septum of the ventricle is absent. Ductus Botalli closed. Foramen ovale 
o})en. 

This conus stenosis may readily be complicated by other anomalies : 
<lefective auricular sejitum, aorta stenosis, transposition of the large 
vascular trunks, atresia or stenosis of the mitral. 

(/J ) With stenosis or atresia of the aorta. Here the whole ante* 
^*ior ventricular septum, or only a part below the ostium aorticum, is 
lacking. Foramen ovale remains open. Pulmonalis is wide, communi- 
cates with the descending aorta. 
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3. Stenoses or atresia of' the arterial and venous ostia without 
septum defect. 

(fl) Stenosis or atresia of the pulmonalis without defect of the 
ventricular septum as a result of abnormal division of the truncus arte* 
riosus communis with normal position of the arterial trunks. Right 
ventricle either rudimentary in early disturbance or even dilated and 
thickened in later developing disturbance. Foramen ovale and ductus 
Botalli open, 

{b) Stenosis or atresia of the aorta without defect of the ven- 
tricular septum. Pulmonalis communicates with the aortic arch. As- 
cending aorta serves as trunk for the coronary arteries. Ductus Botalli 
wide open, usually also foramen ovale. Left ventricle small, narrow, 
usually undeveloped. Left auricle narrow. 

(r) Stenosis of the aorta in front of the ductus P>otalIi: persistence 
of the fetal isthmus aortae between point of origin of the left subclavian 
and ductus Botalli. 

(d) Stenoses or atresias of the venous ostia as a result of abnor- 
mal formation of the auricular septum. 

4. Septum defects without alteration of the ostia: persistence of 
the foramen ovale and breaches in the septum ventriculorum close beneath 
the ostium aorticum. 

5. Transposition of the large vascular trunks. Normally, the sep- 
tum tninci divides the fetal iruncus arteriosus communis from the left 
and behind into two halves: to the left in front (pulmonalis), and to the 
right behind (aorta). Transposition of the great vessels is produced 
as a result of defective Anlage of the septum trunci, the latter dividing 
the truncus from the right anteriorly into a half lying to the left ante- 
riorly (aorta), and a half lying to the right posteriorly (pulmonalis). 
In this case the blood flows out of the right auricle through the right 
ventricle into the aorta, and from the left auricle into the pulmonalis* 
The foramen ovale and ductus Botalli are usually open. Sometimes sep- 
tum defects coexist. Transposition of the large vessels occurs chiefly 
in situs imicrsus, dextrocardia. Transposition of the arterial trunks and 
of the ventricles is designated as corrected transposition of the large 
arterial trunks (observed in dextrocardia). 

6. Defective development of the valves : increase or diminution in 
the number of valves : most frequently two or four semilunar valves. 
(See Fig. 38.) 

C. Abnormal smallness. 

1. Dwarf formation {nanosomia, microsomia) : developed indi^ 
viduals under 112 cm. (3.9 ft). Trunk and head are usually dispro** 
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portionately large. Sometimes, however, all parts are properly propor- 
tioned. 

2. Abnormal smallness of individual parts: of the heart and arte- 
rial vascular system (hypoplasia of the heart, aorta, and arteries in 
chlorotics) ; of the lungs (in hernia of the diaphragm and location of 
the abdominal viscera in the thorax) ; of the brain (in microcephalies) ; 
of the spleen, thyroid, lips (microchclia) , tongue, (microglossia), frenu- 
lum linguae, stomach, intestine (abnormally short), uterus, Fallopian 
tubes, mammary glands, penis, testes, or of all the male sexual organs 
(generally with simultaneous absence of the pubic hair and beard), 
fingers, toes, and ear. 

II, Arrested development characterized by disturbance of the nor- 
mal evolution of the originally rightly established germ. No defect but 



Fig. 38. — Four pulmonary valves of a 55-year-old man. Natural 
size. (After Langerhans,) 

evolution of the primary Anlage without adherence to the 
normal direction. 

1. Formation of two or three kidney pelves as the result of un- 
usual confluence of the originally separate reniculi to form one kidney; 
also lateral position of the renal pelvis. 

2. Coalescence of all reniculi to form one kidney : horseshoe kidney 
(renes arcuati). The union of both kidneys generally occurs at the 
lower pole, seldom at the upper; is sometimes associated with low 
position of the kidney. 

3. Communication of the trachea with the esophagus. (See I, B.) 

4. Communication of the rectum with vagina and urethra, etc, 
(See Cloaca Formation.) 

5. Multiple sexual formation: Hermaphroditismus. ( See 
also Male and Female Generative Organs.) 

There is a hermaphrodiiismus verus and a hermaphroditismus 
^purius. In true hermaphroditism the generative apparatus of an indi- 
vidual cont^ns both male and female germinal glands; in false her- 
maphroditism (pseudohermaphroditismus) there is a combination of male 

i8 
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(or female) generative canals with female (or male) external genitalia, 
respectively. 

There are three forms of true hermaphroditism: — 

1. Hermaphroditismus vcrus bilateralis: testes and ovaries on both 
sides. 

2. Hermaphroditismus i^crus lateralis: a testicle on one side and 
an ovary on the other side. 

3. Hermaphroditismus verus unilateralis : testicle or ovary on one 
side; testicle and ovary on the other side. 


H 



Fig, 39. — Pseudohermaphroditismus masculinus extcrniis. H, testes. 

% natural size. (After Langerhans.) 

There are two forms of spurious hermaphroditism: pseudoher- 
maphroditismus masculinus and femininus : — 

1. Masculine pseudohermaphroditism (with testes) is divided into 
three subdivisions : — 

(a) Complete: testes, generative canals (tubes, uterus, vagina), 
and external genitalia female. 

(b) External: te.stes, generative canals male; external geiutalia 
alone female. (See Fig. 39.) 

(c) Internal: persistence of Miilleris duct (rudimentary vagina, 
uterus, tubes) ; testes and male external genitalia. 

2. Feminine pseudohermaphroditism (with ovaries) also is divided 

into three subdivisions: — ,, 

(a) Complete; ovaries; persistence of the Wolffian dvtmi tJtter- 
nal genitalia with male type. 
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(6) External: ovaries; internal female generative canals; external 
genitalia alone have male type. 

(c) Internal: ovaries and external female genitalia; persistence 
of the Wolffian ducts. 

In the cases of true hermaphroditism thus far observed male and 
female generative organs capable of function were not present, the testes 
or ovaries being in an atrophied condition. The majority of pseudo- 
hermaphrodites belong to the male sex. The indefiniteness of the Anlage 
of the generative organs and of the whole external appearance (voice. 



Fig. 40. — Uterus bicornis. 20‘year-okl servant girl. % natural size. 

(After Langerhans.) 

^>eard. mammae, sexual inclination) is characteristic of pseudoher- 
maphroditism. Hence, this explains why male hermaphrodites have been 
Kared as females, and, vice versa, why male hermaphrodites have been 
married as females. 

III. Arrested developments in which maturing of the embryonal 
tale was interrupted. Arrest in the embryonic stage of devel- 
opment is the characteristic feature. 

A. Duplication of the uterus and vagina as a result 
incomplete union of Muller’s ducts (which is said to begin in the 
"icond fetal month. [See Male and Female Sexual Organs.]) or as 
‘I result of their maturity. Complete lack of the uterus and its 
‘M^pendages (lig. rotunda, lata and tubes) is very seldom observed; usu- 
a solid rudiment is to be found. Coalescence of Miilleris ducts to 
the uterus and vagina (tubes remain separate at the insertion of 
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the lig. rotunda) begins in the middle from the eighth week on; coales^ 
cence to form the vagina is sooner accomplished than that of the uterus* 
Absence or arrest of development of one of Miiller^s ducts produces 
uterus unicornis, as the other side only is developed. In uterus duplex 
both Muller’s ducts are developed, but are not united with each other 
or are united only at the cervix; then either two uteri or one collum 
with two diverging corpora uteri are produced: uterus bicornis, (See 
Fig. 40.) In partial union (viewed externally) to form one uterus and 
persistence of the apposed surfaces, uterus septus originates. (See Fig, 
41.) The septum may persist only in the corpus or in the corpus and 



Fig. 41. — Vagina septa et uterus septus. Natural size. (After Langerhans.) 


collum, or even in the vagina. Uterus foctalis, or infantilis, is simple 
arrest of development, a cessation of growth in the fetal stage of evolu- 
tion: normally formed, very small uterus, the collum of which is about 
twice as long as the corpus. On the other hand, an abnormally small 
uterus the cervix and body of which are about of equal length, and whose 
wall is thin and flabby, is designated as hypoplasis uteri, 

B. Cleft or fissure formation: Most cavities and canals 
of the body are originally in the form of plates, but in the first month 
they are transformed into grooves by inversion of the margins. From 
these develop cavities and canals, the margins growing toward each other 
and finally uniting. If coalescence is arrested, the cavities or canals 
remain open and form clefts of the lips, jaws, palate, neck, trachea, in- 
testine, bladder, skull, spinal column, thorax, and abdomen. Cloaca* 
formations: abnormal communication between anus, bladder, and 
generative tracts are also arrested developments, for, in the earliest 
period of embrycmal life, there is normally a free communiciatioit. 
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the fourth week of embryonal development, cloacal orifice is the com- 
mon opening of the intestine, urachus, and of the later urinary bladder, 
into which the Wolffian ducts also empty. Cloacal opening does not 
disappear until the middle of the third month onward, when the indi- 
vidual ostia become differentiated. 

1. Clefts of the skull and spinal column ( cranioschi- 

rachischisis, and craniorrhachischisis) are, in a small number of cases, 

traceable to embryonal adhesions between the amnion and fetus. In the 
majority of instances they are due to disturbances of the central nervous 
system or of its meml)rancs, which, according to most authorities, are 
induced or caused by primary aplasia of the spinal column and muscula- 
ture. Edema of the cerebral and spinal arachnoid (meningocele or, 
better, hydromcninyocelc cerehralis and s/^inalis), or ectases of the ven- 
tricles of the brain or of the central canal of the medulla spinalis (hydro- 
cele cerebri or, belter, hydrcncephalocclc, and hydrocele medullcc spi- 
nalis or, better, hydromyelocele, also called hydrorrhachis interna cystica), 
either prevent union of the posterior vertebral arches or, by pressure, 
cause atrophy (absorption ) and perforation of the bones. In rare cases 
spina bifida is a pure spinal hydromeningocelc, as a rule, only in the 
lower portion of the spinal cord : hydromeningocele spinalis sacralis or 
himbosacralis ; if it is situated higher, the condition is generally called 
hydromyelocelc. This is generally associated with a very marked arrest 
of development, frequently with complete interrujHion of the spinal cord. 
The spinous processes are usually absent in spina bifida. Sometimes 
fissura vertebralis— spina bifida anterior — coexists. ^\s a rule, the bulg- 
ing sac of spina bifida has a funnel-shaped depression at the center, 
'i bis is the point which is adherent to the lower end of the spinal cord. 
Hydrencephaloceles (with and without atrophy of the brain) are usually 
siluate<l in the middle line (liydrencephalocele occipitalis, palatina, etc.), 
most frequently in the squama occipitalis (^the spinous process of the 
occipital vertebra), and are then usually complicated with spina bifida 
utJantica (of the atlas) or cenncalis. By bursting of a hydrencephalocele 
and hydromyelocele there is always complete destruction of the affected 
portion of the central nervous system: general or partial anencephalia 
or amyelia. If the collapsed sac of the hydrence])halocelc is very vas- 
cular, it forms a red, spongy mass at the base of the skull: fungus 
cerebri or pseudocncephalocelc (cerebrum spurium). 

2, Clefts of the lips, jaw, and palate: Cleft palate 
(split or fissured palate; palatum fissum, complicated harelip, wolf’s 
jaw: rictus lupinus) : chcilognathopalatoschisis, develops unilaterally 

bilaterally as a result of defective union^ of the superior maxillary, 


^ Normal in the eighth to ninth week. 
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and the palatine processes of the first branchial arch with the anterior 
end of tile frontal process, the intermaxillary, and the nasal septum 
or the vomer. The fissure extends through lip, superior maxilla (be- 
tween canine and external incisor teeth), and palate; the soft palate 
and the uvula are divided in the middle ; an open communication exists 
between nasal and oral cavities. Cleft palate occurs alone as well as 
in connection with thoracic and abdominal clefts. The upper lip and 
maxillary process (between canine and incisor teeth) alone may be cleft 
uni- or bi- laterally, the superior and inter- maxillary not having united. 
This cleft may extend to the nostril. 

In harelip (fissured lip, labium Icporinum)^ either a groove 
or a fissure, which may extend to the nostrils, is present in the region 
between canine and incisor teeth. Harelip occurs more frequently upon 
the left than upon the right side; it is often bilateral. 

3. Fistula colli congenita (called also tracheal fistula) is an open- 
ing situated, either laterally or medially, about 2.5 cm. al)ove the sterno- 
clavicular articulation at the inner margin of the sternocleidomastoid 
muscle. The opening is very small and leads to a blind-ending passage, 
lined with mucous membrane (ciliated epithelium), which is sometimes 
sacculated. The lateral fistula is traceable to arrested closure of the 
third and fourth branchial clefts; the median to defective union of the 
third and fourth branchial arches. 

4. Thoracic and abdominal clefts always lie in the 
anterior median line of the trunk. If the whole thorax and abdomen 
to the navel are cleft as a result of arrested union of the visceral plates, 
the thoracic and abdominal viscera are prolapsed. In fissure of the 
chest alone {thoracoschisis), ectopia cordis usually exists. The slightest 
degree of thoracic cleft is fissura sternL Congenital abdominal fissure 
(yasiroschists) may extend from the manubrium to the wsyniphysis, or 
(inclosed thorax) from the xyphoicl process to the symphysis or the 
navel. In the latter case congenital umbilical hernia exists: omphalo- 
cele, or hernia funiculi umbilicalis. 

If abdominal fissure extends to the symphysis, cleft of the bladder 
also exists, because the |X)sterior portion of the allantois cannot close 
to form the bladder wall. 

5. Cleft of the bladder: ectopia vcsicee urinarice (inversio 
vesicce urinarice) ^ is characterized by the fact that the poaterior wall of 
the bladder lies exposed in a fissure of the abdomen. Sometimes the 
urethra also is cleft and forms an open channel which runs upon the 
upper surface of the penis : epispadias. As a rule, fissure of blad- 
der is associated with incomplete union of the symphysis; fr^uently 
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with defect of the clitoris, vagina, atresia of the vagina, and arrested 
development of the penis. 

6. Intestinal cleft: fissura intestinalis congenita, is a rare 
complication of abdominal fissure. In this condition, as in vesical cleft, 
the open cecum or ascending Colon is seen in the abdominal fissure. 

7. Cloacae formation: To be distinguished are cloacae for- 
mation : — 

(a) With clefts of the abdomen and bladder: viscera prolapsed, 
inclosed by a sac at the lower end of which is located the cloacal open- 
ing. Intestinal opening situated above in the middle of the cloaca; 
colon terminates blindly or is absent; ureters open into the bladder, 
and alongside of these also the seminal vesicles or, in the female, the 
separated Miiller’s ducts. 

{b) With clefts of the bladder: intestinal opening in the center 
of the cleft urinary bladder; laterally the openings of the ureters and 
seminal ducts or vagina. 

(f) In closed urinary bla<lder: anus absent (atresia ani)\ rectum 
communicates with the urinary tract or genital canal. 

8. Hernia peritonealis congenita. Congenital hernias of the peri- 
toneum are characterized by displacement of the abdominal viscera. 
I'hey are produced by protrusion of the peritoneum at a feebly resistant 
point in the abdominal walls, an aperture or cleft thus originating in the 
abflominal parietes. The protruded portion of the peritoneum is called 
the hernial sac, and the constricted portion, which unites the hernial sac 
with the abdomen, the hernial orifice or |x>rtal (hernial aperture). 

In the abdomen, external and internal hernias are distinguished. 
External hernias are visible externally, and originate by protrusion of 
the abdominal wall. Internal hernias are not perceptible externally. 

External hernias are: external and internal inguinal, crural, ischi- 
adic, perineal, vaginal, foraininis ovalis, umbilical, and abdominal. 

Internal hernias are: diaphragmatic, retroi>eritoneal (duodenojeju- 
nal), and mesenteric. 

Most of these are acquired. The following are congenital: — 

(u) External inguinal hernia (external to the epigastric artery; 
here also runs the spermatic cord). 

(b) Umbilical hernia; in the fetal state a loop of the ileum lies 
within the navel opening. 

C. Atresia, 1 These originate by the originally solid parts re- 
maining solid, no lumina developing — not being transformed into canals: 
atresise of the pylorus,* intestine, ureters, urethra, Fallopian tubes, uterus,^ 

J Atresia, from d » privativutn, (rtrpdw = penetrate). 

* More frequent at the external than at the internal os. 
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vagina, and hymen; or by the ^kin not folding in to unite with existing 
canals: atresia oris (astomia), ani (usually combined with atresia of 
the vagina, urethra, or of the ends of the spermatic ducts) ; or by ad- 
hesion of existing ostia : atresia of the vulva, nose, aural canal, vagina, 
and hymen (either the whole vagina is absent or only a part, in conse- 
quence of obliteration of Muller’s ducts ; sometimes an occluding trans- 
verse wall is present immediately behind the hymen). 

D. Various other embryonal conditions without 
consonant characteristics: — 

1. Meckel’s diverticulum of the intestine is a congenital 
dilation (sacculation) of the intestine, a remnant of the omphalomesen- 
teric duct from the period of communication of the intestine with the 
umbilical vesicle. Meckel’s diverticulum is situated in the lower seg- 
ment of the ileum, upon the convex side opposite to the mesenteric 
attachment, about one meter above the ileocecal valve. It is sometimes 
connected with the navel by a cord — the ol)literate(l omphalome.senteric 
duct. 

2. Cryptorchidism is the fetal condition: location of the 
testes in the abdomen ; oftener unilateral than bilateral. From the third 
month onward descent of the testicles is said to begin, and in the sev- 
enth month the testes are assumed to enter the processus vaginalis. 
Cryptorchidism is usually associated with microrchidismus. 

3. Congenital luxations, displacement of the heads of 
bones from their sockets as a result of incomplete formation (arrested 
development) of the sockets. 

4. Club-foot, pcs varus; flat-foot, pcs valgus, planus, 
and horse-foot, pes cqutnus, as well as the combinations pcs 
cquinovarus and cquinovalgus and pcs calcaneus (hook-foot) and 
talipomanus (club-hand). In club-foot the external margin of the 
foot is directed downward, the sole inward ; in pcs valgus the internal 
margin of the foot downward and the sole more outward ; in pcs equinus 
(called also tip- foot) the sole directed backward, the dorsum for- 
ward; in pes calcaneus, heel downvrard, sole forward. The fetal posi- 
tion of the feet corresponds to about that of pcs varus; in the new- 
born also this position is still plainly to be seen. The correct position 
is assumed through axial rotation when the habit of walking is being 
acquired. Here, therefore, we have to deal with a persistence of a 
fetal condition — arrested development or an exaggeration of a fetal 
state. Congenital club-foot, like other congenital anomalies of position, 
develops also as the result of the action of abnormal pressure under 
special conditions. Club-hand, talipomanus, is produced by rudimentary 
development of the radius. 
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are malformations characterized by excessive and supernumerary devel- 
opment. 

h Excessive Formation:— 

1. Giant growth, gigantism, macrosomia, is either manifest 
before birth or begins only after birth. Giant formation affects chiefly 
the skeleton, the muscles, etc. The generative function is very frequently 
impaired. 

2. Abnormal size of individual parts: Acromegaly 
(Marie): Enlargement of the extremities and tapering parts of the 
human body — the hands, feet, nose, lips, chin, 

tongue; later the lower limbs, the lower por- 
tions of the forearms, and the lower maxilla. 

The hypertrophy affects the bones and soft 
parts, begins in youth or middle age, and is 
always associated with great muscular weak- 
ness, disturbances of sensibility, headache, 
and defective memory, impairment of vision, 
and anemia. Anatomicly, distinct enlarge- 
ment of the hypophysis is observed in many 
cases. According to the observations of 
Friedreich and Erb, this affection occurs also 
in several members of the same family. Ac- 
cording to von Recklinghausen, it is a disease 
of neurotic origin. 

Macrocephalia ; hydrocephalus (appar- 
ent enlargement of the brain; in fact, atrophy 
exists); macro (flossia (frequent in cretins); macro tia; macrodactylia; 
dcrmatocelc adnata (excessive development of skin; sacculated, folded 
skin) ; excessive size of the thyroid, thymus (asthma thymicum) ; abnor- 
mal length of the omentum, mesentery (sometimes results in volvulus 
and incarcerations), intestine, ureters, clitoris, ovaries, testes, penis, and 
uvula. (See Figs. 42 and 43.) 

3. Abnormal hairiness (hirsutio adnata, hypertrichiasis, 
c.g,, of pigment-marks) and abnormal development of pig- 
ment, in ncpvi pigmentosi. 

11. Multiple Fonnations:— 

A. Double malformations: monstra duplica, twin mal- 
formations; hcteradclphia 'A general or partial duplication of the body. 



Fig. 42.— Abnormal 
length of the uvula. At 
* flat verruca?. Natural 
size. (After Longer-^ 
ha ns.) 


1 Heteradelphiat from 4 irtpas «= the other, and brother. 
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Either both bodies are uniformly developed or one is defective and, 
as it were, forms a parasite of the more or less normally developed 
aiitosite from which it receives its nourishment. It is now generally 
assumed that double malformations develop from one ovum, and are 
formed upon one yolk. As regards the further development, there 
are two theories: the fission theory and the adhesion theory. Ob- 
servations are chiefly in favor of the former theory. 

(a) Duplications of the upper end of the body: tcrata anadidyma. 



Fig. 43. — Clitoris hypertrophy and precocious hirsiitcness in a 9-year-oId 
girl. Photograph. (After Langerhans,) 

1. Diprosopus, double face: One body with two connected, incom- 
plete heads (defective brain). 

2. Dicephalus, double head: One trunk, two heads. (See Fig. 44.) 

3. Ischiopagus: Two upper lx)dies with a common pelvis, and two 
or four lower extremities. 

4. Pyopagus: Two almost completely separated bodies; only sacrum 

and coccyx, rectum, and sometimes also vagina single. • 

) Duplications of the lower end of the body ; ieraia katadidynta- 

1. Dipygus: Double lower body, single head. 

2. Syncephalus (janiceps ) : Two individuals united at the trunk 
and head. 

3. Craniopagus: Two individuals united at the roof of the skull 
(frequently at the vertex). 
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(y) Duplications of the upper and lower ends of the body: 
terata anakatadidyma. 

1. Prosopothoracopagus: Skull cavities separated: lower jaws 
united; thorax and neck merge into each other. 

2. 1 horacopagus: Unions at the thorax of two otherwise completely 
separated individuals (Siamcvse twins: Chang and Eng). 

3. Thoracoabdominopagus: Union at the thorax and abdomen. (See 
Fig. 45.) 




Fig. 44.— Dicephalus. 
(Leishman,) 


Fig. 45. — Thoracoabdominopagus. 
{Leishman.) 


4. Epignathus: prosopothoracopagus parasiticus: foetus in fcctuA 
Tlie parasite is connected with the oral cavity of the aulbsite (usually 
c'lt the hard palate), protrudes from the oral cavity. 

3, Epigastrius: thoracopagus parasiticus: foetus in factu. The 
parasite is connected with the autosite at the ensiform process (as far 
the navel), 

6. Engastrius: Abdominal inclusion of a parasite. 

7. Rhachipagus: Union of two individuals at one point only of the 
1)inal column. Head, neck, a part of the thorax, and lower extremities 
double. 

] Foetus in fwiu signifies that a fetus is grown over by a second fetus and is, 
'•Jerefore, inclosed within the latter: inclusio focialis. In addition to the above- 
^iH'ntioned fetal inclusions occur : inclusio subcutanea, mediasHnalis, tcsticuli, omrii, 
^mbralis. 
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B. Monstra triplica: Triple monsters are extremely rare, 

C Multiple formation of the extremities: — 

1. Polymelia:^ The number of whole or half extremities is increased. 

2. Polydactylia: The number of fingers or toes is increased. This 
malformation — better, anomaly — is quite frequent and hereditary. 



Fig. 46.^Thoracoab<lomiiiopaguSy with ectopia viscerum. {Sheffield,') 


D. Multiple formation of individual organs: — 
Excess of the bones of the skull: Wormian bones, ossa inter- 
calaria, os incce. 

Excess of the vertebrae: caudal formation (originates more fre- 
quently through enlargement of the coccygeal vertebite). 

i rd ffiket =» limb. 

i' 
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Excess of the ribs, especially through division of the ribs (costal 
cartilages and costal bones) normally present. 

Excess of the muscles. 

Excess of the toes. 

Excess of the nails: in multiplicity of the fingers and as a result 
of division of the nails. 

Excess of the lungs (three lungs). 

Excess of the lobes of the lung: lobi acccssorii. 

Excess of the lobes of the liver: lobi acccssorii. 

Excess of the bronchial trunks (three bronchial trunks). 

Excess of the cartilages in the trachea. 

Excess of tlie intestine: duplication of the cecum and of the ver- 
miform process. 

Excess of the thyroid : three lobes, lobus accessorius, starting front 
the isthmus and reaching to the hyoid kmes; and thyrcoidca succcn- 
turiata at the upper or lower ends of lateral cornua. 

Excess of the mammary glands: polymastia; scattered mammary 
glaiKls in the region of the axilla, thorax, inguinal region, back, thigh. 

r^xcess of the nipples: polythelia (according to the theory of 
descent or evolution, is freciuently considered as atavism). 

P'xcess of the pancreas: pancreas sncccnturiatus and accessory 
lobes which inclose the duodenum, and occur also in the jejunum. 

Excess of the bladder, through formation of a septum: 7Tsica bi-- 
partita. 

Excess of the ureters : two or three, when two or three renal pelvjftS 
are present in one kidney. (See p. 193.) 

Excess of the urethra. 

Excess of the ovaries. 

Excess of the tongue. 

Excess of the spleen: supernumerary spleen, lien succenturiatus 
in the gastrolienal ligament. 

Excess of the suprarenals: upon or in the kidney, or in the coiirse 
of the vasa spermaiica interna to the true pelvis. 

Excess of the renal pelvis: through abnormal embryonal coales*; 
cence of the reniculi. ^ 

Excess of the ductus choledochus: duplication. 

MONSTRA PER FABRICAM ALIENAM. 

Monstra per fabricam alienatn are malformations caused and char- 
acterized by changes of position. 

1. Situs transversus, inversio viscerum : — 



206 MONSTRA PER FABRICAM ALIENAM. 

This rare displacement quite accurately represents the nega- 
tive of the normal position. 

2. Displacement of individual organs : — 

Displacement of the heart to the right: dextracardia. 

Displacement of the heart externally : ectopia cordis in fissura 
thoracic a. 

Displacement of the urinary bladder: ectopia vesic(c urinarice in 
fissura abdominalis. 

Displacement of the spleen, stomach, liver, and intestine in hernia 
diaphragmatica congenita and in fissura abdominalis. 

Displacement of the ovaries in the inguinal region or in the labia 
majora : descensus anomalis ovariorum. 

Displacement of the left kidney : abnormally deep position in the 
true pelvis, at the margin of the latter, at the fovea inguinalis. 

Displacement of the cecum to the left side. 

Displacement of the descending colon in the middle or through the 
radix mesenterii. 

Displacement of the greater lobe of the liver to the left. 



TUMORS. 


The idea conveyed by the term tumor cannot accurately be 
defined; tumors do not constitute a distinct group according to their 
nature and peculiarities. Many inflammatory swellings formerly classed 
with the tumors have for obvious reasons recently been excluded. This 
is due chiefly to the removal of former difficulties of diagnosis in many 
swellings. For definite reasons, all swellings and enlargements in which 
there is liability of error in <liagnosis are designated as tumors. As the 
most varied formations are called tumors, a scientific division of them 
is possible, as \'irchow has shown, only from an anatomicogenetic stand- 
point. Virchow says the first and most important question is always: 
“IIow does the tumor originate?’' From this anatomicogenetic stand- 
point, Mrchow distinguishes three great groups: — 

L Extravasation and exudation tumors. 

II. Dilation and retention tumors. 

III. Tumors originating by proliferation. 

All proliferation tumors, that is, tumors in a strict sense, are com- 
posed not of specific elements, but of the same constituents as the body; 
they develop from the tissues of the body, forming a connected part 
of it, and are, therefore, subjected to the same conditions and laws as 
the body itself. Their histologic constituents sometimes correspond to 
the type of tissue in which they originate ; sometimes they deviate from 
the type of the matrix tissue. The former variety of tumor is called 
homologous; the latter, heterologous. The terms homology 
and heterology, therefore, refer to the relation of the tumor to the matrix. 
I 'or example, a lipoma in adipose tissue is an homologous tumor; a 
lipoma located in the arachnoid is an heterologous tumor. Tumors the 
^ells of which differ from those normal to the part in which they develop 
are called heterotopous.^ 

In general, the homologous tumors, which, strictly speaking, repre- 
J^ent only local proliferations or hyperplasias of the normal tissues, 
correspond to the benign, and the heterologous to the malignant, 
tumors. The malignancy of tumors depends chiefly upon the for- 
mation of new, similar foci in distant organs (metastases, gen- 

^ralization). 

^ other ; place. 

( 207 ) 
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Homologous tumors are local, usually manifest no tendency to 
fonii metastases, and for this reason are benign; occasionally, however, 
they may acquire accidental malignancy as the result of second- 
ary disturbances (pressure upon the vessels and nerves, etc.) produced by 
them. Heterologous tumors differ in their malignancy (not all are 
malignant). The more closely the type of the tumor resembles the type 
of tissue in which it originates (an osteoma cell, for example, is closely 
related to connective tissue, because bone also belongs to the group of 
connective substances), the less is its malignancy; the more it deviates 
from the matrix, the greater is the disposition to metastatic formation. 
Furthermore, among tumors of similar nature, the most malignant are 
always those which are highly vascular and succulent. 

While, in general, homologous tumors are benign, this is not always 
the case, because even simple myomata may assume a malignant char- 
acter: destroy the adjacent tissues and form metastases. Hence, the 
malignant or benign character of a tumor cannot with absolute certainty 
be determined by its histologic structure alone. In the great majority 
of cases, however, the malignancy of a tumor is shown by its heterol- 
ogous structure. 

Most tumors originate from one focus, t.r., are unicentric; 
rarely they develop from a number of foci: multicentric. When 
a tumor originates within a tissue, it displaces the adjacent parts (ex- 
pansive growth), forming rounded or irregular nodules, or, like 
the roots of a tree (see p. 271), it sends prolongations into the surround- 
ing structures, penetrating and filling the interstices : infiltrating 
growth. There are tumors, however, which are diffuse from their 
inception, form more or less uniform depositions in the organs, and pro- 
duce in them condensations and protrusions. The so-called basement sub- 
stance (stroma^) generally originates as the result of secondary pro- 
liferation of the connective-tissue structure of the organ in which the 
tumor develops. A certain amount of connective-tissue stroma, which 
carries the afferent and efferent vessels, is present in all tumors. This 
stroma is not especially marked in tumors com{x>sed of connective tissue, 
but in neoplasms consisting principally of bone, muscle, etc., it is more 
distinct, being most pronounced in tumors of an epithelial nature, in 
which the epithelial constituents are designated as parenchyma and 
the connective tissue as stroma. 

The formation of metastases is dependent upon second- 
ary infection; the original tumor, that is, the parent nodule, forms a 
focus of infection, from which new germs (cells) are disseminated. 


I a bed. 
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Metastases may take place by way of the lymph-channels (involvement 
of adjacent lymph-glands in the direction of the lymph-current), or by 
the blood-vessels ( involvement of distant organs : generalization), 
or by direct dispersion of germs (dissemination) independently 
of the lympti- or blood- vessels, e.g., in the peritoneal or pleural cavity : 
transplantation or implantation metastases. 

Tumor metastases frequently develop in the immediate neighbor- 
hood of the primary focus: regional metastases. In rupture 
into veins metastases may occur in different parts of the body: lungs, 
liver, etc. In persistence of open foramen ovale or in retrograde trans- 
port, other localizations may occur by the blood-channels. Infection 
may occur also by direct contact: contact carcinoma (one lip 
upon the other or one labium of the vulva upon the other). Giant- 
cells, chorionic villi epithelia, and cells from the placenta may be con- 
veyed by the blood. 

In contrast to metastatic formation stand local progres- 
sion ( focal growth ) and recurrence in loco. Local progres- 
sion by continuity or by contiguity consists in the formation of new 
foci — small, young nodules — in the periphery of the old focus. In the 
beginning, these daughter-nodules are separated from the parent-nodule; 
gradually, however, as the result of further growth, contact, and 
coalescence, they unite to form one mass. This is the usual mode of 
growth of malignant tumors. Therefore, in order to make an exact 
microscopic examination of a tumor, it is necessary always to examine 
also the younger, peripheral, zone. 

Recurrence takes place by eruption of new tumor-nodules at the 
site of operation from germs which have not been removed. 

The question as to what constitutes the real carrier of infec- 
tion in local progression and metastases has not as yet been satis- 
factorily determined. It is certain, however, that there is a cellu- 
lar contagium. Tumor-cells have repeatedly been shown 
to be carriers of infection in metastases, and mostly in blood- 
vessels. In dissemination, tumor-cells can with certainty be 
accepted as the true semina. According to all recent investigations, 
it is at least questionable whether, in addition to conveyance by cells, 
it is possible for infection to occur also through the agency of a juice 
elaborated by the tumor-cells themselves, as was formerly assumed, 
i be tumor-cells act at the site of metastasis as seed, multiplication — 
P’oliferation — of the transported cells resulting in the formation of a 
iu‘w tumor-nodule. Each metastatic nodule then becomes a new focus 
infection, from which, in turn, the impulse to the formation of new 
hiinor-noduies may be given. In carcinoma of the stomach, the first 

14 
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metastases are generally observed in the nearest epigastric lymph-glands* 
These take up and retain the injurious cells (germs) and thus, at first, 
serve as a protection against further advance of the affection ; as soon, 
however, as they become so far involved by the carcinoma tissue that 
the germs (cells) can no longer be retained, the lymph-^glands nearest 
to them always become involved. Such involvement in gastric carcinoma 
may extend upward to the subclavicular lymphatic glands and downward 
to the inguinal glands. 

In regard to etiology, two points are of essential importance: 1, 
the local exciting cause (causa occasionalis), and, 2, local predisposition 
(causa prcedisponens). The latter is frequently hereditary, and may be 
congenital (ncevi) or develop at a later period of life (carcinoma of 
the uterus at the climacteric). This predisposition depends partly upbn 
a marked tendency to disease — ^upon a certain vulnerability in the pres- 
ence of noxious influences. On the other hand, local predisposition may 
be acquired through antecedent general and local disturbances. Thus, 
in later periods of life, tumors manifest a certain disposition to develop 
in scars and birthmarks (particularly melanotic nevi). Furthermore, 
those parts of the body which, from their position and structure, are 
subjected to a frequent traumatism and irritation are especially distin- 
guished by a tendency to tumor formation. To these belong particularly 
the margins of the orifices of the body. Finally, abnormal position, for 
example, retention of the testes within the abdominal cavity or in the 
inguinal canal, is also to be mentioned as an etiologic factor in the 
development of malignant tumors. (See Carcinoma, p. 272.) 

The various forms of tumors manifest a predilection for certain 
localities, which are characterized particularly by their histologic struc- 
ture, position, and form. On the other hand, there are certain organs 
and parts of the body which very rarely become the seat of tumor 
formation, that is, which possess a certain degree of immunity. 

In general, a certain antagonistic relation exists between those organs 
attacked by primary and those attacked by secondary tumor formation. 
The liver, lungs, kidneys, and serous membranes are pre-eminently the 
seat of secondary tumors, seldom of primary, and, vice versi, the skin, 
the mucous membranes, the uterus, etc., are almost always attacked by 
primary tumors, very rarely by secondarJ^ 

In every tumor different stages can and must be distinguished. 
Most tumors originate as the result of active, irritative processes, and, 
accordingly, begin with an irritation stage. The stimulus which leads 
to the irritation may be external or internal, but, in order to produce 
specific products, it must always differ in its nature and energy from 
inflammatory stimuli. The malignant tumors are found chitfly 
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those organs which are most exposed to external irritation, namely, in 
organs upon the surface. The stage of irritation, just as in inflam- 
mation, passes by cellular proliferation into the stage of granulation. 
In other cases this granulation stage is lacking, inasmuch as elements 
originate by hyperplasia which fully preserve the peculiarities of the 
primary elements. The granulation stage is succeeded by that of differ- 
entiation, in which the characteristic peculiarities of a tumor become 
plainly manifest, and following this comes the fluorescent stadium. This 
is determined by the cells having reached the acme of development, that 
is, a stage in which further progressive ilevelopment is no longer possible. 
The cells may persist in this stage of highest development, and form 
durable and permanent constituents of the body, or they have a shorter 
period of existence, a transitory character, and, after a more or less brief 
time, perish by retrogressive metamorphosis (necrobiosis, softening, in- 
spissation, caseous metamorphosis, and calcification). Certain tumors 
lymphomata) are characterized by the stability, others car- 

cinomata) by the instability of their elements, lictwecn these are the 
most varied transition forms. Passive, retrogressive metamoqdioses are 
the cause of the ulceration which occurs in tumors of superficial parts. 
If this takes place early, the ulcer may become such a dominant feature 
in the early stage of gastric carcinoma) as almost totally to obscure 
the character of the tumor. 

The majority of malignant tumors, like the benign, are at first quite 
latent, so that frequently the patients become cognizant of their con- 
dition only after an advanced stage is reached (c.g., ulceration, putre- 
faction). All forms which are associated wdth ulceration, putrefaction, 
great loss of tissue, ilisturbances of digestion, severe liemorrhages, and 
loss of fluids lead more or less rapidly to the development of a ca- 
chectic state, which, finally, is the cause of death. ^ 

Tumor cachexia prr)bably is due to disturbance in the so-called 
“internal secretions,” the neoplasm producing injurious and probably 
fernient-like bodies, and imparting them to the body juices. It is not 
imj)robable that this cachexia deprives the body of the ability to render 
displaced tumor-germs (cells) innocuous, and, therefore, these can form 
nietastatic tumors. 


I. EXTRAVASATION AND EXUDATION TUMORS. 


for the most part these have a cystic character. They originate 
from accumulation of such materials as are derived immediately from 
^ biQod~ extravasations (hematomata)— or from accumulation of 

^ In the absence, of course, of intercurrent events. 
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exuded wd^tery fluids, consisting of water, salts, a certain part of title 
albuminates of the blood-serum, and fibrin: hydroceles, hygromaita. 

Hematomata originate partly in connection with traumatism (all 
cephalhematomata, hematoma of the vulva, othematomata) , partly as 
the result of inflammatory processes {hcematoma durm tnatris, 
-uterinum, hcemaiosalpinx ; many muscle hematomata), and partly from 
other local causes. 

Cephalhematoma {tumor cranii sanguineus, cranial blood-tumor) 
is an affection of the newborn. It is produced during passage of the 
fetal head through the narrow portions of the maternal pelvis, when the 
soft parts covering the bony cranial vault — generally over one of the 
parietal bones — ^are strongly compressed, crushed, or contused. Certain 
vessels of the tender and more yielding, richly vascular internal layer 
of the periosteum are thus readily injured, so that hemorrhagia per 
rhexin is produced. The extravasate accumulates between the bone and 
the periosteum, and detaches the latter. The hemorrhage generally ceases 
on the second or third day after birth. The extravasate remains fluid 
and is gradually absorbed; at the same time, the periosteum in the 
neighborhood of the hemorrhage, i.e., at that point where it is still con- 
nected with the bone, begins to proliferate and produce new bone sub- 
stance, which gradually increases until an osseous ring or wall is formed 
around the soft, fluid blood-mass. By progressive new formation of 
bone, this ring becomes a bony shell, which, after complete absorption 
of the extravasate, finally comes in contact with the bone denuded of 
periosteum. 

Hamatoma vulvce is most frequently produced during parturition, 
and, like cephalhematoma, owes its origin to mechanic action. It differs 
from the latter, however, in that the extravasate penetrates and more 
uniformly infiltrates the tissues, and does not form a kind of cyst as 
in cephalhematoma. 

Hcematoma vagince develops as the result of rupture of a hemor- 
rhoidal vein; hcematoma ovarii results from obstruction, stasis (inter- 
ruption), of the venous current In both these conditions the tissue i^ 
infiltrated and infarcted with blood, but no spaces filled with blood are 
formed. 

Hcematoma glandulce suprarenalis develops in the medullary sub- 
stance, and may destroy the latter more or less, so that it forms a kind 
of cyst, which is completely surrounded by cortical layer. The cause 
of the hemorrhage is unknown. This hematoma is observed most fre 
quently in the newborn, especially in cases in which death has ocfctitrec 
suddenly. As in these cases there frequently is no other anatpmlte 
tion than the hematoma, it is possible that the sudden 
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of death is closely connected with htBfnatoma suprarenale. At present, 
however, it is impossible to form a positive conclusion in this regard. 

Othematoma (hcematoma auriculae) is sometimes preceded by cer- 
tain pathologic alterations of the cartilage (inflammatory, partial soft- 
enings), caused by nutritive disturbances or antecedent violence, which 
especially predispose to destruction on receipt of trauma. Accordingly, 
the hemorrhagic effusion enters between the cartilage and perichon- 
drium, as well as within the cartilage itself, when fractures occur. 
Hence, fragments of cartilage not infrequently adhere to the perichon- 
drium. The hemorrhage generally occurs at the inner side of the auricle 
and forms rounded swellings of doughy consistency. In the process of 
healing of othematoma, a permanent deformity of the auricle results; 
with absorption of the extravasated blood, a reactive perichondritis 
accompanied by cicatricial retraction takes place, which draws the auricle 
inward toward the auditory canal, producing at certain points irregular 
distortion. This deformity, as Gudden and Winkelmann have shown, 
is constantly to be observed in ancient statues of boxers and wrestlers. 
This demonstrates that othematomata or their sequelse were known even 
to the ancients. In the beginning of the past century othematoma was 
a frequent phenomenon in the insane (it was usually located upon the 
left ear), and was probably due to the less humane treatment of the 
insane of that period. 

Hcematoma dime mairis begins as an independent inflammatory 
process of the dura mater with production of a fibrinous exudate upon 
the inner surface. (See Pachymeningitis interna fibrinosa vasculosa 
hcemorrhagica, p. 590.) By organization and vascularization, the exu- 
date is transformed into a richly vascular layer of connective tissue. 
The new-formed vessels are very delicate and readily bleed on variations 
of blood-pressure, and in congestion and fluxion. As a result of fre- 
quent recurrences and organization of the new extravasates, the new- 
formed layer upon the inner surface of the dura may gradually increase 
in thickness, the contiguous hemisphere becoming at the same time some- 
what flattened. When the fibrinous layer and the delicate vessels trav- 
ersing it thus become more and more concealed by the extravasates, and 
apparently only hemorrhagic masses adhere to the inner surface of the 
dura — i.e., when the inflammatory character of the process is no longer 
recognizable — the condition is designated as h<Fmatoma durm matris. 
rhe hemorrhages within the hematoma are sometimes so voluminous 
diat death occurs from pressure pf the extravasate upon the brain, 

Hmmatoma retrouterinum develops, analogous to hematoma of the 
iura mater, from circumscribed exudative inflammation of the perito- 
^Jeum in Douglas’s ad-de^sac (in men, in the retrovesical fossa, though 
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less often). In this case, also, the fibrinous exudate becomes organized 
and vascularized ; the hemorrhages which follow and are situated within 
the new-formed tissue layer take place, as in the dura mater, from the 
delicate, thin-walled, new-formed blood-vessels on variations in blood- 
pressure. The hemorrhages are sometimes so extensive that large blood- 
tumors, distinctly palpable during life, develop, which completely obscure 
the beginning of the process and the origin of the hemorrhage. 

Hwmatoma uteri polyposum generally has a polypoid form and 
often a comparatively thin, slender pedicle. It is invariably due to ante- 
cedent parturition or abortion, and always develops at the point of pla- 
cental attachment. It develops gradually, new blood-masses exuding 
and enlarging the polypus. The external portions of the larger polypi 
of this nature are usually quite firm; the interior generally consists of 
superimposed lamellae of fresh, dark-red masses of blood. These hema- 
tomata distend the body of the uterus and, when they have grown larger, 
also dilate the cervix in funnel form (downward), and sometimes pro- 
trude from the os as rounded bodies. The growth is generally accom- 
panied by quite profuse metrorrhagia. 

The development of muscle hematoma is always associated 
with rupture of mu.scle. As a rule (in acute infectious diseases, 
particularly in typhoid fever), the rupture is referable to antecedent 
inflammatory changes (parenchymatous myositis, w^axy degeneration). 
In some cases, however, hemorrhage occurs without inflammation, e,g., 
in bleeders (hcpmophilia). In instances due to external, traumatic influ- 
ences (laceration, stretching, etc.), pathologic alteration of the con- 
tractile muscle substance has usually provided an especial disposition 
to rupture, for in intense stretching of normal muscle the tendon tears 
more readily than the muscle substance. Muscle hematoma occurs most 
frequently in the lower portion of the rectus abdominis muscle in typhoid 
fever. In more or less severe eflFusion of blood and after longer or 
shorter duration, a reactive connective-tissue capsule generally develops 
in the region of the extravasate. The blood-mass subsequently dimin- 
ishes in size by contraction. A quite dry, amorphous, brownish-red 
content is then found within a capsule. 

The accumulation of a primarily clear fluid within a closed cavity 
is designated as hygroma. The space in which the fluid accu- 
mulates is either a natural, preformed cavity of the body or a 
new-formed cavity. To the first group belong: hydrocele scroti 
(hydrops of the scrotum, hernia aqwsa; see Male Sexual Organs); 
hydromcningocele cerebredis and spinalis {lumbosacralis or spina bifida) ; 
hydrencephalocele {occipitalis, frontalis, palatina, etc.), and hydito- 
myelocele* (See Malformations, under Fissures of the Skull and Spine, 
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p. 197.) To the second group belong: hygroma dura: matris; bursa, and 
ganglions (hygromata). 

II. DILATION AND RETENTION TUMORS. 

These, also, have a cystic character. They originate as the result 
of accumulation of materials in a pre-existing space. The secreted 
materials are elaborated in a particular manner, some secreting organ 
exercising a special action upon their composition; they are chiefly 
liquid or they contain an excess of organized elements or a combination 
of both. Cystic ectasis of the space involved progresses in accordance 
with the amount of accumulating secretion. The accumulation occurs 
either at the seat of secretion (e.g., in the true secreting portion of a 
gland) or in a locality distinctly removed from the point of elaboration 
(e.g., in the excretory duct of a gland). In all instances retention occurs 
in pre-existing, open spaces, generally in ducts. The cause of retention 
is either mechanic obstruction — constriction ^ (stricture, stenosis) — or 
closure (obliteration, atresia by agglutination or adhesion, compression, 
valve-like closure) of the ducts, or it is due to a peculiarity of the excreted 
material, generally to such a tenacious, viscid, and adhesive consistency 
that, although the ducts are open, the secreted material cannot be expelled. 

In the beginning the retained materials usually preserve their char- 
acteristic peculiarities. Later, the character of the cystic contents may 
be completely altered both in form and chemic composition. 

To the retention tumors belong^: atheroma of the external 
skin; milium; comedones; acne; mucous cysts of the cer- 
vix and body of the uterus, the stomach, the colon, and air passages; 
hydrops processus vermiformis; hydrops cystidis fcllca; hydrops tu- 
harum; hydrops folliculorum ovarii; hydrometra; cystic bron- 
chiectasis and t r achec tasi s; diverticulum vesica: urinaria; 
hydrops cysticus renum; hydronephrosis; ranula pancreatica, 
sublingualis, parotidea ; spermatocele, and galactocele. 

III. THE PROLIFERATION TUMORS. 

This group of true neoplasms developing from proliferating tissue 
is divided according to the histologic structure into; — 

1. Histioid tumors. 

2. Organoid tumors. 

3. Teratoid tumors. 

^To avoid repetition, only an enumeration will be given in this place. For 
the more minute details, see the descriptions accompanying the different organs. 
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In structure the histioid tumors correspond to a simple tissue, the 
organoid to an organ, and the teratoid to a whole system of the body* 
With these three forms are to be classed also the so-called ** com- 
bination tumors,'’ in which several tumor forms are com- 
bined. 

* 1. The Histioid Tumors. 

The histioid tumors are made up principally of a simple tissue, 
which belongs either to the family of connective substances or to the 
lymphatic structures, or is composed of more highly developed tissues 
(muscles, nerves, vessels). 

FIBROMATA, CONNECTIVE-TISSUE TUMORS. 

Fibromata {tumorcs fibrosi) consist of ordinary connective tis- 
sue. They are local formations which, with few exceptions, originate 
from connective tissue and are, therefore, regarded as benign tumors. 
They have an irritative ^origin and occur in the external skin, in the 
periosteum, in the fascias, in mucous, serous, and synovial membranes, 
and in various organs. In many tumors of this nature the epidermis 
covering them is quite markedly involved. 

Fibromata occur (a) in diffuse, elephantiasic, or (b) in circum- 
scribed, nodular, tuberous, or (c) in warty, papillary form. These three 
forms are not sharply separated from each other, but frequently coexist 
in one and the same tumor. 

The elephantiasic (diffuse) form may be acquired, inher- 
ited (congenital), or endemic. The endemic variety is observed only 
in tropic and subtropic zones, where it attacks principally the natives. 
The lower extremities (elephant legs) are by far the most frequent seat; 
next in frequency come the genital organs (of these the scrotum is most 
often affected) ; some*^'mes, also, the upper extremities, while the trunk 
and face usually are exempt. (See Filaria Sanguinis.) 

Elephantiasis arabum, pachydermia, begins as an acute inflamma- 
tion of the skin, which closely simulates erysipelas. The skin swells, 
accompanied by febrile phenomena, and acquires a very dense, edematous 
character, which, however, differs markedly from ordinary doughy e4^ma 
by its greater and firmer consistency. As in erysipelas, the swellmg 
spreads rapidly over a large area of the skin. This is early associated 
with lymphangitis (shown by hot, painful, hard, red striae in the course 
of the lymph-current) and acute inflammatory swelling of the lyimph- 
glands (lymphadenitis). The latter is so marked as to produce mechanic 
obstruction to the lymph-current, causing congestion of lymph and dila- 
tion of the lymph-channels, which often extend td the 
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connective-tissue cells, as well as the epithelia of the small lymph-vessels, 
prolifetate* If such a part is incised, a clear liquid exudes, which behaves 
exactly like lymph, ue,, contains only fibrinogen substance and, there- 
fore> coagulates only after contact with air (lymphatic edema). The 
fibrinous substance owes its presence partly to lymph-stasis, the exuded 
and exhausted materials not being removed ; partly, also, to local inflam- 
mation in the root area of the lymphatic vascular system. 

If such attacks repeatedly recur in the same localities, permanent 
thickening and condensation of the tissue gradually supervene. This 
is the beginning of elephantiasis in a strict sense. On incision, such a 
part appears occupied by very dense, broad, white, frequently almost 
tendinous bands, and is infiltrated with a clear, yellow, sometimes some- 
what viscid mass. In many cases the condensation and thickening are 
confined to the surface ; in others they extend to deeper parts, involving 
the adijxjse tissue, muscles, and even the periosteum. In the first in- 
stance the surface of the skin is rough, due principally to hypertrophy 
of the papillae: elephantiasis papillaris seu verrucosa; in the other cases, 
the tumefaction is more uniform, so that the surface may be quite 
smooth: elephantiasis Icnns, If the process extends irregularly, tuber- 
cles and nodules develop: elephantiasis tuberosa, nodosa. As a rule, 
the epidermis also proliferates; sometimes the rete Malpighii is the 
seat of intense pigmentation: elephantiasis fusca et nigra. The longer 
the process lasts, the more the normal tissues — adipose tissue, nerves, 
and muscles — disappear, being substituted by sclerotic connective tissue 
containing clear serum. This is also the cause of the anesthetic form. 
Wherever the periosteum is involved in the process, new osseous tissue 
formed, which sometimes has a smooth, sometimes a roughened, spicu- 
late surface: hyperostoses and exostoses. Here not infre- 
quently fusion of neighlx>ring bones (c.g., of the tibia and fibula) takes 
place. Although elephantiasis is generally characterized by its slight 
disposition to ulceration, it may ulcerate as a result of trauma, thera- 
peutic interference, and occasionally also spontaneously by bursting of 
vesicles or by excoriations (rhagades) from which at first clear lymphatic 
fluid is discharged: elephantiasis ulcerosa. 

The hard form of elephantiasis, thus far described, is 
distinguished from the soft forms, which are partly acquired, partly 
congenital. The congenital soft variety is found extensively in 
monsters with incomplete circulation, which are incapable of living, 
i'artial congenital elephantiasis, on the other hand, oc- 
curs also m the viable newborn. This soft form consists of exdjssive^ 
^^>ngcnital proliferation of the fetal subcutaneous mucous tissue Ur 
•‘f^lipose tissue {polysarcia) in the later period of fetal life. 
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Sometimes the vessels (veins, more rarely the lymphatics) are so 
greatly developed that the whole mass assumes a cavernous appearance : 
elephantiasis teleangiectodcs. 

Acquired soft elephantiasis has its seat of predilection in the 
external genitals, especially the scrotum, and the labia majors. 

Fibroma molluscum is very closely related to elephantiasis. This 
is a connective-tissue tumor of loose structure out of which a clear, 
yellowish, richly albuminous fluid can be expressed. It consists of a 
very fine fibrous network divided by coarse bands into smaller and 



Fig. 47. — Adenoma mammae acinosum. a, gland acini ; b, gland ducts ; 
c, connective-tissue stroma. X 30. (After Ziegler,) 


larger lobules. Between the very fine fibrillae is found the expressible 
fluid. The smaller tumor-nodules of this nature belong chiefly to the 
cutis; the larger extend into the panniculus adiposus. In contradis- 
tinction to elephantiasis, they develop without inflammatory or febrile 
phenomena. 

A process analogous to interstitial inflammation of other organs — 
to interstitial nephritis — but which is generally classed with the 
tumors, occurs in the mammary gland. This is interstitial mas- 
titis, which, as a diffuse process, sometimes results in atrophy and 
induration of the whole organ, or, as a partial (lobular) focus, some- 
times leads to the formation of small, dense nodules. Diffuse 
interstitial mastitis, or fibroma mammw diffusum, begins with prolif- 
eration of the connective-tissue stroma of the Whole gland> and with 
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further progress leads to the formation of a very contractile inter- 
cellular substance, which gradually destroys the function of the breast 
by compression of the parenchyma. Finally, generally after several 
years, the gland is converted into a small, very hard, and painful fibroma, 
which is very troublesome and may easily be mistaken for scirrhous 
mammae. For this reason this form of mastitis, like mastitis inter-- 
stitialis partialis s, lobularis, is regarded as a tumor. 

In partial interstitial mastitis {fibroma mamma: tuberosum s. 
lobulare) a number of small, hard, almost cartilaginous nodules fre- 



Fig. 48. — Papilloma (acuminate condyloma). iSmaus,) 

qiiently develop, which arc freely movable or, if a mild, general inter- 
stitial mastitis coexists, immovable, in which instance they arouse the 
suspicion of scirrhous carcinoma. Because fibroma tuberosum occurs 
in multiple form, it may apparently return after extirpation, new 
nodules subsequently developing from foci which were too small to be 
palpated at the time of operation. 

An analogous form of fibroma occurs in the kidneys, lo- 
calized interstitial inflammation resulting in the formation of a nodule 
which is generally the size of a millet or hemp seed. This fibroma is 
observed in otherwise normal kidneys, as well as in such affected with 
general interstitial nephritis. In the latter instance it represents, as it 
were, a local increase (excess) of the general process. 

Papillary, warty, villous fibroma develops in membranous sur- 
faces and in the smaller ducts. It begins as a flattened protuberance 
as a small, round, button-like nodule. If villi or papillae are not- 
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mally present, these form the starting point by enlarging, sending fortll 
solid villous prolongations, and, finally, dividing and branching in den- 
dritic form until the surface of the tumor assumes a caulifiower-like 
appearance. Where no physiologic papillae or villi are present, patho- 
logic villi at first develop, from which, as the process advances, similar 
dendritic branchings then proceed. To these warty, connective-tissue 
excrescences belong the Pacchionian granulations; endocar^ 



Fig. 49. — Benign papilloma of the bladder. (After Kaufmanm,) 

ditis verrucosa, papillaris villosa; the nodular and warty fibro- 
mata of the surface of the liver, spleen, ovaries, 
testes, synovialis, gall-bladder, urinary bladder, and 
others. All these formations begin with increase of the connective 
tissue, u€., with cellular proliferation, and gradual increase of inter- 
cellular substance. In some no vessels are to be found; in others 
vessels grow in from the base of the tumor after it has reai^ed a 
certain size. 

The Pacchionian granulations in their growth no* only 
break through the dura, but produce also deep atrophic depitesaions 
in the internal table, and occasionally even in the external taWe df the 
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vault of the cranium. They always develop from the arachnoid, are 
generally situated on the convexity near die longitudinal sinus, and 
occur independently or in conjunction with uniform fibrous thickening 
of the arachnoid. They sometimes grow into the sinuses, just like the 
fetal villi of the placenta into the maternal placental sinuses. 


.•| ''V* 




Fig. 50. — Intracanalicular nbroma. a, dense intercanalicular hbrons tissue ; 
h, richly cellular pericanalicular tissue; r, d, e, nodular intracanalicular' pro- 
liferations in longitudinal section; /. intracanalicular proliferations in trans- 
verse section. X 25. (After Ziegler.) 


To the vascular papillary fibromata belong the so-called papillary 
tumors (fibroma papillare) of the urinary bladder, which may give rise 
to very exhausting hemorrhages, and frequently are mistaken for villous 

carcinoma. 

Subcutaneous, or follicular, condyloma grows from the walls of 
I'le hair foUicles, and may frequently be forced to the surface by 
pressure. 
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Villous tumors of smaller ducts — of the bile-ducts and milk- 
ducts — behave like those previously described. In the bile-ducts they 
cause complete interruption of the discharge of the bile, and severe and 
often fatal icterus. 

Fibroma papillare intracanaliculare mammm gradually fills, distorts, 
and distends the milk-ducts with very hard fibrous masses of oval, round, 



Fi^, 51. — Intracanalicular fibroma of breast. (After Kaufmann.) 


irregular, or polypous form. The distention may be so great as finally 
to produce large cavities or cysts, which, in addition to the tumor- 
nodules, are filled with a serous, mucous, or thick, milky or pap-like, 
yellowish-red material containing an abundance of cholesterin and blood- 
pigment. Into these cysts the tumor masses protrude in papillary or 
cauliflower-like form. All the intracanalicular nodules are covered with 
a layer of cubic, or cylindric epithelial cells, which is continuous with 
the epithelial lining of the distended milk-ducts, and has been pushed 
into the duct lumen by the fibrous growth. 

If these tumors are extirpated, apparent recidives may take 
place, because other parts also become involved. 
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The tumors are generally of slow growth and may attain large 
dimensions (several pounds). They sometimes undergo sarcomatous 
degeneration, under which circumstances their growth may be rapid. 
Occasionally carcinomatous change is observed. 

In corn (clavus), which is frequently classed with the hard warts 
of the external skin, the papillary portion of the skin is involved to only 
a relatively slight degree. Proliferation of the epidermis is the pre- 
<lominating feature. 

Fig-wart, ficus, condyloma acuminatum, has a cauliflower-like sur- 
face, and resembles a small berry. It sometimes attains the size of an 
apple or larger, and is composed of fine papillae, in which the vessels 


Fig. 52. — Condyloma acuminatum, a, enlarged and branched papillae; 

If, epidermis. X 20. (After Ziegler.) 

occupy most of the space, and of epidermis thickened from 40 to 20 
fc)ld. Acuminate condylomata^ are found chiefly at the mucocutaneous 
junctions. 

Warts of the skin : vcrnicev, the congenital : nevvi, as well as the 
acquired: porri {porrus or porrum), often occur in large numbers and 
always in localities subjected to frequent slight irritation. They usually 
have a fissured surface. If the horny layer is unaltered the wart is soft 
in consistency (flesh wart, verruca mollis s, carnca). Hypertrophy 
of the horny layer causes hardening of the wart (verruca dura). 
According to Smaus, the hard warts, which occur with especial f re- 
(jiiency upon the skin of the fingers, and originate as a result of inflam- 
niatory hyperplasia of the epithelium and of the papillary bodies, are 
infectious and communicable. 

The tuberous form of fibroma occurs in the skin, 
^ascias, and periosteum. In the skin the fibromata are usu- 

^ Condyloma latum is a syphilitic product. 
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ally multiple, seldom solitary, of miliary to hen’s-egg 
sometimes soft and elastic, sometimes dense and hard as cartilage. In 
the fascias they^ are either multilocular or unilocular; each 
lobule has a radiate and fascicular arrangement. In. the fascias three 
forms are differentiated : simplex, mucosum, and pctrificans. In fibroma 
mucosum a mucinous fluid, which characterizes it, can be expressed, 
and in cases of long standing it generally forms large tumors. Fibroma 
petrificans is traversed by calcified parts in the form of nodes and bands, 
seldom by ossified tissue. 

Fibroma of the periosteum is not often observed. Sometimes, 
however, it forms nodules, which become dangerous by virtue of their 
size and position. These periosteal fibromata are distinguished from 
exostoses by being movable upon the bone. The usual seat is the base 
of the skull. Here they form nasopharyngeal polypi and 
retropharyngeal tumors, which may develop from the anterior 
lacerated foramen, from the spheno-occipital bone, or the upper cervical 
vertebrae, especially the atlas and axis. 

In contrast to the hyperplastic fibromata thus far discussed 
stand the heteroplastic fibromata, which, however, are not, 
in a strict sense, malignant because they do not form metastases. They 
occur principally in bone {fibroma ossium), starting either from the 
bone-marrow or from the bone-tissue. The most frequent locations are 
the maxillae, which are occasionally greatly swollen by this variety 
of tumor. 


LIPOMA, ADIPOSE-TISSUE TUMOR. 

Lipomata consist principally of true adipose (fat) tissue. The 
individual cells are of exactly the same nature as those of the subcu- 
taneous adipose tissue. These neoplasms, which may attain considerable 
dimensions, form circumscribed, rounded, or lobulated tumors, which fre- 
quently are surrounded by a fibrous connective-tissue capsule. On 
incision the cut surface presents more or less distinct lobulation. They 
develop in the subcutaneous tissue, especially of the back, thighs, and 
neck, where they often are multiple and symmetric ; in the axillae ; rarer in 
the mesentery and omentum, joints, pia, intestinal wall, brain, liver, kid- 
neys, etc. By displacement of the skin in polypous form, pendulous 
lipomata are produced. 

Two forms are differentiated: the hyperplastic and the 
heteroplastic li pom a. The first is a local excess, an unusual 
increase of fat-tissue, a local polysarcia. Every lipoma, like ordinary 
adipose tissue, is composed of a number of fat-lobules. As, however, 
the individual fat-lobules vary in size and are arranged to form larger, 
irregular-sized lobes, and are also separated by connective-tissue septa 
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of varying width, there is not the same regularity in lipomata as in 
ordinary adipose tissue. If the connective tissue is present in the same 
amount as in normal fat-tissue, the tumor is designated^ as lipoma molle. 
If, on the other hand, the connective-tissue septa are unusually broad 
and ccanpact, so that the whole tumor has a dense, hard consistency, 
the growth is spoken of as a lipoma durum or fibrosum. Occasionally 
the vessels are so abundant that they predominate: lipoma telean- 
giectiodes; at other times calcification and ossification are present in 
the connective-tissue stroma: lipoma petrificum, ossificum. The con- 
nective tissue may also have a soft, gelatinous consistency: lipoma 
gelatinosum, colloides. 

Every more or less large lipoma is always associated with new 
formation of fat-cells. These are not derived from the old fat-cells, but 
from connective-tissue cells which proliferate and become filled with fat 
(liquid oil). When a number of lipomata develop in an individual, the 
process is never one of metastasis, but of multiplicity. This, 
as well as the fact that lipoma usually does not become manifest until 
middle and advanced age, indicates that lipoma may be acquired. Among 
the causes is to be mentioned alcohol, which particularly favors obesity. 
In every instance, however, a local predisposition also must be present. 
This, like polysarcia, may be hereditary and congenital. 

In general, lipomata manifest little disposition to undergo sponta- 
neous retrogression; indeed, they often undergo no diminution in size 
even in spite of marked general emaciation. Sometimes the central por- 
tions undergo softening from necrosis and disintegration of the cell 
membranes, with the production of a cyst filled with liquid oil. This 
change is probably the result of nutritive disturbances. In other cases 
decomposition of the neutral oil droplets and union of the liberated fatty 
acids with lime-salts to form sebate of lime take place, giving rise to a 
mortar-like, friable mass. 

As a consequence of repeated trauma, a lipoma molle rnay develop 
itito a lipoma fibrosum; or suppuration (abscess) or ulceration may 
occur, which readily assumes a gangrenous character. 

Hyperplastic lipoma is observed, on the one hand, in localities 
where adipose tissue is normally found, and, on the other hand, in those 
parts where loose connective tissue exists, which is transformed into 
fat-tissue by polysarcia; thus, in subcutaneous, subfascial, submucous, 
subserous, intramuscular, intraorbital, subperitoneal regions. 

Three forms are differentiated: — 

1. lApoma simplex tuberosum, in the subcutaneous adipose tissue, 
particularly in parts which are flabby and folded, and in the radix 
Jnesenteril 
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2. Lipoma capsulare, in the periphery of any organ, e.g,, kidneys, 
heart, eye, mamma, and in the periphery of a hernial sac. 

3. Lipoma polyposum, which begins as a smooth protuberance and 
gradually develops into a pedunculated polypus (subcutaneous, sub- 
serous, submucous). This develops most frequently in the appendices 
epiploic<e of the large intestine. By branching of the polypoid form, 
lipoma arbor CSC cns is produced. If the polypi have long pedicles, the 
pedicle gradually grows smaller until the lipoma finally becomes free; 
besides, the external layer usually undergoes induration and ulti- 
mately acquires a cartilaginous consistency. After interruption of the 
blood-supply, the fat-cells of the interior degenerate and form an oil- 
cyst. The free bodies of the abdominal cavity : corpora libera,'^ develop 
in this manner from the ai)pendices epiploicne. 

Heteroplastic lipomata also develop from connective tissue, but in 
localities where fat-cells are not normally present: in the cortex of the 
kidney, in the arachnoides, in the scrotum (tunica vaginalis propria and 
tunica dartos), and in the labia majora. 

Lipomata frequently are combined with fibroma, angioma, chon- 
droma, etc. 

MYXOMA, MUCOID TUMOR. 

Mucous tissue is really a fetal tissue and is present in the fetus in 
all localities where adipose tissue subsequently exists. It represents, 
therefore, the primitive stage of adipose tissue. On the other hand, fat- 
tissue is sometimes transformed into mucous tissue, particularly in the 
subpericardial adii>ose tissue in atrophic conditions, in the bone-marrow 
(colloid marrow), in the hilus of the kidneys, etc. 

This mucous tissue, like adipose tissue, may form tumors: mu- 
cous tissue tumors, or mucous tumors, myxomata. Ho- 
mologous and heterologous myxomata are distinguished 
according as the tumor develops from pre-existing mucous tissue or 
from another tissue belonging to the group of connective substances. 

Mucous tissue has a soft, often fluctuating consistency, is infiltrated 
with a viscid, ropy, colorless, or yellowish fluid which contains mucin 
(mucus) as a basic substance. In the younger portions chiefly round 
cells are present ; in the older portions anastomosing spindle-shaped and 
stellate elements are found. Besides these, a small number of inter- 
cellular fibrillae are seen traversing the mucoid basement substance* A 
myxoma thus composed is called hycUinum or gelatinosum; if greater 
cell proliferation is present, which gives to the tumor a myelcdd appear- 

^ The corpora libera of the joints (mures articulates, joint mice) usually have 
another genesis ; only exceptionally do they originate from pedunculated lipomata. 
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ance, it is called myxoma medullare. Myxoma lipomatodos contains 
fat-cells in a gelatinous basement substance. Myxoma cystoidcs develops 
from softening and liquefaction, as a result of destruction of the cells. 
If more fibers are present in the basement substance, so that the tissue 
acquires a denser, firmer consistency, the growth is then designated as 
myxoma fihrosum. By condensation of the basement substance and 
transformation into a cartilaginous structure (formation of a capsule 
around the cells), myxoma cartilagincsccns is produced, while myxofM 
tcleangiectodes is characterized by its great vascularity. 

Myxoma of the placenta (mola hydafidosa, vesicular mole, 
mola racemosa) frequently occurs in abortion, very rarely at parturition. 
It develops from the fetal villi of the placenta. In the normal state 
these consist of an epithelial covering (exochorion) and a mucoid 
basement substance ( c n d o c li o r i o n ). Myxoma of the placenta begins 
with proliferation of the ei)itlieliiim and prolongation of solid buds of 
the endochorion. The buds develop into large vesicles, which in turn 
send forth new buds. These, again, form new buds, and so on. This 
grow’th of the villi is sometimes accompanied by marked cellular pro- 
liferation ; sometimes, however, the cells also degenerate by mucoid 
transformation or fatty metamorphosis. The greater part of the base- 
ment substance consists of a relatively liquid, mucoid mass, which is 
expelled when the vesicles are punctured, ]\iyxoma of the placenta 
deprives the fetus of nourishment and thus causes its death. The tumor 
may continue to grow after death of the fetus. Then, as a rule, a large 
mass, apparently com[X)scd only of a great quantity of blood and ves- 
icles of varying dimensions (miliary to cherry size), arranged like a 
bunch of grapes, is expelled at the time of abortion. Such myxomatous 
formations sometimes occur to a limited extent as partial pla- 
cental myxomata, in connection with well-develo]>ed children 
born at full term. This growth probably is due to an alteration of the 
endometrium (endometritis), the development of the maternal vessels 
at first being unusually marked, thus exerting upon the surface of the 
ovum a strong irritative action, which causes proliferation of the villi. 

Not infrequently a partial fibrous placental myxoma 
is in the primary stage of development at the time of abortion. This 
formation is the result of inflammatoiy changes of the endometrium, 
especially of endometritis decidua. The diseased villi form dense 
Modules consisting of firm myxomatous tissue quite rich in connective- 
tissue fibers and cells. 

In adults myxomata occur principally in localities where loose 
connective tissue and thick layers of adipose tissue are present: upon 
ilie thigh, back, hands, cheeks. These tumors are rare, but they some- 
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times attain large dimensions, and, like lipomata, always have % lobw* 
lated structure. They are often so rich in fat-cells that they represetft 
true transition forms of the lipomata. They generally arise from the 
deeper parts, i.e., are subfacial and intramuscular. Myxomata 
of bone usually develop from the medullary tissue and frequently 
form mixed varieties, especially with enchondroma: enchondroma 
myxomatodcs, and, swelling the bone, not rarely attain considerable 
size. 



erated papillae, a, connective-tissue stroma; b, myxomatous degenerated 
papillae; c, proliferated multilamellated epithelium. XSQ. (After Zitgkr.) 

Heteroplastic myxomata are more common than the hyperplastic 
forms already described. They develop from tissues which belong to 
the class of connective substances. The connective substance of the 
central nervous system and peripheral nerves — ^thc 
neuroglia and the neurilemma — is very frequently the point of origin 
of myxomata: glioma myxomatodcs. Here belong many tumors of the 
greater hemispheres, which are characterized hy marked softness, gra\ 
color, and transparency, discharge a mucoid fluid, and collapse at the 
center or are converted into true cysts, and also the false m^romata 
of the peripheral nerves. 
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Myxmm of the female hreast, like fibroma^ starts from the inter-** 
stitiai tissue. Either the whole stroma of the mamma is involved, giving 
rise to diffuse swellings, or the growth is confined to single lobules, 
causing the formation of isolated nodules; or, like intracanalicular 
papillary fibroma,- the tumor grows into the lumina of the milk-ducts 
and fills them with mucoid tumor masses : myxoma proliferum, arboreS'^ 
ecus. The glandular structure is always more or less destroyed in the 
process. 

Mucoid tumors are occasionally found also in the testes and 
in the lungs, more rarely in the salivary glands (parotid). 

Heteroplastic myxomata are characterized by their great tendency 
to recur. Rarely, they are malignant in the true sense of the word, and 
form metastases in various tissues. Multiplicity is more frequent, espe- 
cially in the peripheral nerves. 

CHONDROMA. 

Cartilaginous tumors {tumorcs cartilaginosi) arc divided into 
the liyperplastic and heteroplastic forms. The former are 
I)urely local formations, smaller outgrowths from pre-existing perma- 
nent cartilage : ecchond roses, while the heteroplastic forms, or 
cnchondromata, develop either from a noncartilaginous matrix 
or from transitory cartilage which should have developed into bone. 

Ecchondroses are generally situated \ipon the costal cartilages, at 
the synchondroses (synchondrosis spheno-occipitalis, symphysis piibica)^ 
tlie intervertebral cartilages, and upon the permanent cartilages of the 
respiratory organs. They begin as small, button-like swellings by pro- 
liferation of the uppermost layer of the cartilage or perichondrium: 
ccchondroma verum simplex. With further growth ossification very 
frequently occurs at the base: ecchondroma ossificans, and sometimes 
also retrograde metamorphosis, amyloid masses developing in the carti- 
lage-cells and intercellular substance: ecchondrosis amyloides. In other 
cases vesicles form within the cartilage-cells: physalides; at the same 
time the interstitial substance frequently softens (the cells proliferating), 
that the whole tumor consists almost entirely of vesicular cells: 
e cchondrosis physaltfora proUfera, 

Ecchondroses of the cartilages of the larynx and trachea 
‘irc sometimes flat, sometimes nodular, and generally directed inward, 
hnt they very seldom cause considerable narrowing of the lumen. Ec- 
^iiondroses occasionally develop from the upper and lower margins of 
tracheal cartilages and, by coalescence, may produce a 
hridge-like fusion of several cartilages. The mobility of the trachea 
thus decidedly interfered with. 
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Upon the symphysis ossium pubis the ecchondrosis is situated at 
the posterior surface, where it forms a protuberance. Ecchondrosis 
spheno-occipitalis is a cartilaginous outgrowth upon the surface of the 
clivus at the junction, of the sphenoid with the occiput. The synchon- 
drosis of both these bones generally ossifies at puberty. If the dura is 
penetrated by the ecchondrosis, the latter spreads out upon the inner 
surface of the dura as a button-like growth. 



Fig. 54. — Chronic arthritis deformans of the left shoulder-joint Sub- 
luxatio et mures articulares. 53-year-old cabman. At m thin-pedicled, 
hard, movable part (so-called joint mouse in process of development) at the 
margin of the cartilage surface (by proliferation of the cartilage). The 
humerus is in reversed position, i.e., is rotated outward. % natural size. 
(After Langerhans,) 

Growths having sometimes a more villous, sometimes a nodular, 
button-like form occa.sionally develop (in arthritis deformans) from the 
outer margins of articular cartilages and hang into the joint. 
These are partly pedunculated, partly sessile. The former arc mov- 
able, may bcccwne separated from their pedicles, md then constitute the 
corpora libera or mobilia (joint mice, mures articulares). CM the 


CTHONDROMA. 


231 



Fig. 55. — Carcinoma fibrochondrosarcomatodes from the right sub- 
maxillary of a 20-year-old man (removed by operation), p, epitheliomatous 
pearls and interlacing bands of squamous epithelia (prickle cells) ; s, sarco- 
matous parts, consisting of large spindle-cells with a small amount of 
striated intercellular substance; f, broad, * fibrous, poorly cellular connective- 
tissue trabeculae ; c, cartilaginous area, partly with hyaline, partly with striated, 
hyaline basement substance; w, strikingly large, markedly proliferated carti- 
lage cells with a small amount of hyaline basement substance. (Zeiss 
Apochr., 16; Comp. Ocul., 4. After LangtrhansJ) 
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other hand, the free bodies of the joints may develop also from th^ 
periosteum and the synovial membrane. The periosteal develop as out* 
growths of the periosteum; they push the synovialis into the joint 
and there branch dendriticly. The synovial excrescences also produce 
villous formations, which at first are fibrous ; . at a later stage, however, 
like the periosteal, they are transformed at the ends into cartilage and, 
finally, calcify or ossify. If portions of these growths become detached, 
mures articulares are produced, as in the former instance. Calcified 
corpora mohilia are called arthroliths. Some of these forma- . 
tions (especially the solitary) are round, oval, or discoid, frequently 
patella-shaped; some (especially the multiple) are irregular, nodular, 
and warty; in some, again, the remnant of a pedicle can be recognized. 
All these differ very greatly in size. 

Aside from the corpora mobilia which develop from lipomata 
there is another group traceable to trauma. These are cases in which 
part of the articular cartilage is detached. Sometimes the detached 
fragment fits exactly into the fractured surface of the cartilage. 

The broad, sessile articular ecchondroses may, by their 
size, produce considerable deformities of the joints and limit motion 
to a marked degree. All these cartilaginous formations are referable 
to irritative processes, and are, therefore, most frequently observed with 
erosion and eburnation of the cartilage, thickening of the synovialis, and 
attrition of the ends of the bone in chronic arthritis defor- 
mans (e.g., malum coxce senUe). 

Heteroplastic chondromata: enchondroma and osteoid chondroma, 
which is to be distinguished from the former, are more common than 
hyperplastic chondromata. Both these forms occur pure, as well as in 
many tumors mixed with other tissues: enchondroma s. chondroma 
osteoides mixtum. In these combination tumors the cartilaginous portion 
may be slight, forming small, disseminated islands of cartilage, or occupy 
a large, continuous part of the tumor. Enchondroma is frequently 
combined with carcinoma (see Fig. 55), and osteoid chon- 
droma with sarcoma. 

Enchondroma consists of hyaline, fibro-, or reticular cartilage. 
Osteoid chondroma generally contains quite small, round, spindle-shaped, 
and branching elements without capsules. The intercellular substance 
is very dense, quite highly refractive, homogeneous, or only slightly 
striated ; forms thick trabeculae or a very close meshed reticulum, so that 
only very small spaces and rarely cells are visible. On boiling, this 
intercellular substance yields glue — ^not chondrin; this sharpfy 
guishes osteoid chondroma from enchondrimia. There is also a aoft 
variety of enchondroma: enchondroma albumino^m, chaiacteriaed by 
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art albuminoid intercellular substance, which Is frequently converted into 
muais. Another form: enchondroma gelatinosum {molle), likewise 
belongs to the soft varieties ; it is rich in large, stellate elements ; some- 
times it contains also a considerable amount of mucus: enchondroma 
mucosum. If some parts of the tumor consist chiefly of cartilage and 
others of true mucous tissue, the tumor is either an enchondroma 
myxomatodes (when the cartilage is in excess) or a myxoma carti- 
lagineum (when mucous tissue is in excess). Enchondroma telean-- 
giectodes is highly vascular. This is particularly the case with the soft 
forms. The marked vascularity is not infrequently associated with par- 
tial ossification. Calcification ( petrification) is more frequent, 
in which first the capsules, later also the true intercellular substance, 
become the seat of calcareous deposits. 

Softening and ulceration (particularly of the softer forms) begin 
with retrograde fatty metamorphosis of the cells and transformation of 
the intercellular substance into a mucoid, viscid mass. Besides, hem- 
orrhages easily occur from solution of continuity which, in time, impart 
a yellowish and brownish color to the beginning cystic degeneration. 

Enchondroma, especially that of bone, is a tumor of early life, and 
is occasionally congenital. Probably some cases are referable to dis- 
turbances in the development of the bone, particularly rachitis, which, 
with its irregular and often serrated line of ossification, has repeatedly 
attracted attention in this respect, a number of cartilaginous foci, often 
surrounded by bone-tissue, being found. The parts of the bony system 
most frequently predisposed to the formation of enchondroma appear to 
be those in which ossification occurs late and often irregularly. 

Enchondromata of the soft parts offer less ground for an ex- 
planation of their origin. It may be stated, however, that retention of 
the testes within the abdominal cavity furnishes a marked predisposition. 
In very many cases the tumor develops after trauma (fracture). 

Enchondromata of the soft parts are often mixed tumors. 
The cartilaginous portion always has a lobulated structure. The tumor 
develops from chronic inflammation of connective tissue, which fact 
speaks decidedly in favor of the irritative origin of enchondroma. 
Pure enchondroma occurs in the salivary and generative glands, the 
lungs, tlie subcutaneous adipose tissue, and in the fascias. Enchon- 
droma of the lung is generally situated in the hilus of the lung; 
in rare cases in the center of the parenchyma or beneath the pleura. 
Of the salivary glands the submaxillary and parotid are especially liable 
to enchondroma. The female generative glands are less often affected 
than are thos^ of the male. Enchondromata of the testes and also of 
die subeutatieous tissue arc generally mixed tumors. 
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Two forms of osteoenchondroma are differentiated, namely, the 
internal: central, and the external: peripheral, enchondroina. 
Central enchondroma develops from the bone-marrow or from the 
compact bone substance, and usually originates quite latent. The 
more it grows, the more the bone is distended, the periosteum pro- 
liferating and new osseous laniellse being deposited upon the exterior. 
This new-formed osseous capsule gradually becomes thinner as the 
process advances, because the new formation of bone cannot keep pace 
with the growth of the tumor. Finally, small platelets of bone are found 
upon the surface of the tumor only at certain points. The growth of 
the tumor advances by the constant development of new foci, in the 
form of nodules, adjacent to the primary and older focus. The tumor 
thus acquires a nodular exterior, and ui)on section has a lobulated 
structure. The formation of new nodules frequently occurs in such a 
manner as to leave a small layer of apparently intact tissue between 
mother- and daughter- nodules. This is the beginning of true metas- 
tases; the surrounding tissue becomes, as it were, infected and more 
or less rapidly disappears with advance of the tumor-tissue. In this way 
the tumor invades also the soft parts, the connective tissue forming the 
avenues for further development. 

Peripheral enchondroma develops partly from the periosteum, 
partly from the surface of the bone itself. It has no period of latency 
and no osseous covering, and, as a rule, does not begin to develop until 
later in life. Its most frequent seat is the pelvis, particularly those 
localities which corresiX)nd to the synchondroses and earlier cartilaginous 
points of union. 

Enchondromata belong to the malignant tumors which form metas- 
tases. The neighboring lymph-glands arc often involved by metastases, 
and sometimes the internal organs (lungs). Solid enchondroma buds 
are not infrequently observed within the lumina of lymphatic and blood- 
vessels — a proof that the tumor masses grow through the vessel wall. 
Tumor particles may thus readily be transported by the lymph- or blood- 
current. 

Osteoid chondroma has a rather smooth surface. It forms very 
large tumors, but manifests no pronounced tendency to form metastases. 
Its most frequent seat is in the long tubular bones, especially at the 
extremities, namely, the knee-joint ends of the tibia and femur, H 
there is not too great an amount of calcareous deposit, this form of 
tumor can be cut with the knife, because complete ossification seldom 
occurs. Combination with sarcoma is frequent. Osteoid cbottdtoma 
of the soft parts is rare and generally not entirely pure. 
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OSTEOMATA. 

Osteomata consist of bone. They are atypical osseous growths 
which develop from periosteum, cartilage, or some other tissue 
belonging to the connective-tissue group. They differ from the other 
histioid tumors, which occasionally ossify here and there, by the fact 
that the whole tumor is always finally transformed into bone-tissue. 
If the preponderating element in mixed tumors is true osseous tissue, 
these also are called osteomata. According as the principal mass con- 



Fig. 56. — Exostosis of the inferior maxilla. % natural size. 

(After Latigerhans.) 

sists of compact bone-tissue or spongiosa or marrow-tissue, the tumor 
is called osteoma durum or spongiosum or mcdullosum, respectively. 
The bone-marrow may be red (lymj)hoid: corresponding to the state 
of growing cylindric bone) or yellow (fat-marrow) or gelatinous. 

Two forms are differentiated: hyperplastic and hetero- 
plastic osteomata. Exostoses belong to the first group. They 
are of local significance only, and always remain stationary. Ex- 
ostosis cartilaginea, which develops from cartilage, consists of compact 
Ijone with a cartilaginous and frequently somewhat irregular, nodular 
J^urface. In marked growth the more centrally located part generally 
becomes spongy; later it is converted into marrow-space, so tliat the 
new-formed bone-marrow may unite with the true bone-marrow. These 
exostoses are found upon the cylindric bones (in the neighborhood of 
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the intermediary cartilage at the point of insertion of the museies), 
the scapula, the pelvis, and inferior maxilla, Their origin usually dates 
from the early period of life. 

In rachitic pelvis, pehns spinosa, the nodular and spinous 
exostoses are situated in the region of the iliopubic synchondrosis, 
at the point where cartilage was present at an earlier period of devel- 
opment. Hence, authorities are inclined to assume that these exostoses 
are the result of proliferation of cartilage. 

The great majority of all exostoses have a connective-tissue origin, 
most of them developing from the periosteum. A few originate from 



Fig. 57. — Pelvic exostosis. 


bone granulations, bone-tissue being first transformed into granulation 
tissue in consequence of an old ulcer, as of the foot), and this, later, 
again producing new bone. 

While the term exostosis is always used to designate more 
circumscribed, smooth, or button-like and also pedunculated, compact 
outgrowths, the name osteophytes^ is applied to more general, cortic, 
young, porous osseous growths, the product of a periostitis. Perios- 
t o s i s signifies cortical, compact swelling which extends over* a large 
area of the bone, while hyperostosis means increased thickness of 
a whole bone or a whole section of a bone (e.g., hyperostosis calvc^ice: 
thickening of the whole calvarium). 

Lcontiasis ossea is produced by hyperostosis of the bones of the 
face, and is frequently associated with nodular and spinous exostoses. 
Partial hyperostoses of the bones of the face are not rare. 

1 These do not form tumors. Sec alterations of bonds, p. 90S, 
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They are inost frequent upon the maxillae (especially the superior 
maxilla), and are the result of trauma, or of irritation from the teeth. 
In arthritis nodosa bony growths, which occasionally attain considerable 
size, are found upon the articular ends. Supracartilaginary 
exostoses are osseous growths which develop from the margins of 
the vertebrae, grow over the intervertebral cartilages, and merge with 
exostoses of neighboring vertebrae or with the vertebrae themselves, so 



Fig. 58. — Supracartilagiiioiis exostoses of the vertebrae, especially of the 
two first lumbar vertebrae (the two lower in the drawing). % natural size. 
(After Langerhans.) 

that adjacent vertebrae are united by osseous bridges over the inter- 
vertebral disks. Exostoses of the cranial vault occur upon 
the internal and external surface as protuberances and as button-like 
or pedunculated small tumors. These seldom attain considerable dimen- 
sions, but when they do and are located upon the internal surface they 
may become very dangerous by the pressure and irritation exerted by 
them upon the brain (Jacksonian epilepsy). In the larger exostoses the 
internal and external tables of the skull are frequently involved at cor- 
responding points at the same time. The exostoses sometimes possess 
<i certain macroscopic and microscopic resemblance to ivory: €xostosis 
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eburnecB. These are of very dense structure and, like ivory, consist of 
concentricly arranged lamellae, and have a yellowish-white color, espe- 
cially when the bone begins to dry. They are generally situated upon 
sclerotic bone substance. 

Upon the great toe two forms of exostoses occur: exostosis sub- 
ungualis and exostosis ariicularis. The former is situated beneath or at 
the margin of the nail, and is characterized by intense painfulness; the 
latter in the metatarsophalangeal joint after dislocation. The second 
form is the result of ill-fitting and especially too-pointed shoes, because, 
as is well known, the foot is broadest at the anterior part. As a result 
of dislocation of the great toe, subluxation gradually develops; the 
articular surface is compressed by the foot-covering and is irritated by 
the friction; a chronic periarthritis is induced, resulting in the 
formation of flat exostoses at the margin of the joint. 

In contrast to exostoses stand, in a measure, enostoses, which 
develop in the interior of the bone from the bone-marrow. Osteomata 
developing from retained teeth possess a certain similarity to these. 
In contrast to true dental tumors (dental osteomata) stand 
alveolar exostoses. Dental osteomata consist either of an in- 
crease of the cement substance in the form of hyperostosis or exostosis, 
or they arc small cement exostoses which are covered with 
enamel: dentes proliferL If the tumor consists principally of dentine 
it is designated as odontoma. 

Alveolar exostoses may develop from the periosteum of the 
alveolar process (especially as periostosis or hyperostosis) or, in the 
case of retained teeth, they form capsules around the imprisoned tooth : 
bone capsule, bone cyst. In consequence of this, pronounced 
swelling of the jaw may occur. Retention of the teeth is sometimes 
caused by coalescence of the teeth (either in toto or only at the roots 
or crowns) in the deeper parts. If the dental pulp is replaced by a 
hard bony mass (in injuries, caries, etc.), the process is designated as 
internal odontoma. Dental tumors sometimes develop also 
from misplaced teeth (dislocated, displaced dental germs), e.g,, upon 
the gums, in the nasal cavity, antrum of Highmore, etc. 

Discontinuous exostoses always develop from parts which orig- 
inally were detached or subsequently broken off by trauma {e.g*, by 
fracture). They are di.stinguished from the other forms by the fact that 
they are movable. 

To the osteomata of fibrous, tendinous, and connective-tissue parts 
connected with the periosteum belong exostosis apophytica and exos- 
tosis tendinea — ^a progressive ossification of the tendons, fasctas, and 
muscles which begins in the bone. These exostoses also are occasioitally 
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dbcontinuous, Lc., not connected with the bone, and hence movable. 
Such discontinuous sesamoid bones are the ossa prcspubica, which 
develop close to the pelvis, in the vicinity of the anterior margin of the 
os pubis and ossa ischii, and extend for a greater or less distance into 
the various muscles and fascial attachments of the thigh. The best- 
known example is the so-called '‘riders' bone," which is either 
continuous with the pubic bone or attached by ligamentous or fibro- 
cartilaginous tissue. Here also belongs the so-called "exercise'' 
or "drill bone" (myositis ossificans), occurring in the left del- 
toid muscle, which develops as a result of impact of the musket. All 
these osteomata are due to particular traumatism and especially to 
strained activity of tlie affected parts. 

Finally, to the class of hyperplastic osteomata belongs the some- 
times significant osseous tumor which develops as the result of excessive 
callus formation {callus luxurious) in fractures: osteoma fracturcc. 
Callus luxurians is characterized by the fact that the callus is not con- 
fined to the fractured ends, but extends far into the surrounding parts, 
and even deep into the muscular structures. 

The frequent occurrence of multiple exostoses is not due to metas- 
tasis, but, as in the case of solitary exostoses, is either the result of 
multiple local irritation or an hereditary phenomenon. 

Heteroplastic osteomata always occur in soft parts, and invariably 
develop from inflammatorily thickened or new-formed connective tissue, 
c.g,, from pleuritic adhesions. They occur in the cerebral and spinal 
arachnoid as flat plates or small, somewhat rounded, angular or ser- 
rated islets, which are smwlh externally and roughened internally. 
Osteomata dura? are not infrequently observed upon the inner surface of 
the dura mater, especially in the anterior portion of the falx cerebri. 
Smaller osteomata are found in the eye, in the posterior portion of the 
choroid, rarely in the vitreous, where they usually occur after phthisis 
hulbi resulting from antecedent traumatic or purulent destruction, 
t Isteomata are very rare in the lungs, and still rarer in tiie skin, 
where they occur in elderly i)ersons in tlie form of sand. 

PSAMMOMATA. 

These connective- tissue tumors are characterized by the presence 
of sail'd granules (^d^fio9=^sand). The latter resemble in every 
way the normal sand grains (corpora arcnacea) of the pineal gland in 
die aged. They are small, concentricly lamellated formations which 
JU'e calcified either completely or only at the center, and occa- 
sionally coalesce to form mulberry- or sausage- shaped masses. These 
^and granules are inclosed by loose or firm connective tissue. 
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Psammomata riot infrequently occur upon the inner surface of the 
dura mater ; the smaller ones often in large numbers. ‘ They are ofteo 
found in the choroid plexus, in which locality they sometimes attain, 
the size of a walnut. Upon the inner surface of the dura mater, how- 
ever, psammomata form only cherry-sized, hemispheric, smooth Of 
roughened tumors of dense consistency and reddish, gray-white color. 
They may cause compression and atrophy of the adjacent nerve sub- 
stance. Psammomata are very rare in the brain, lymph-glands, etc. 
Sometimes these formations are not pure psammomata, but so-called 



Fig. 59. — Psammoma durae matris. Double-knife section. (Zeiss 
Apochr., 16; Comp. Ocul., 4. After iMngerhans,) 

psammosarcomata, if they are richly cellular or consist entirely 
of spindle cells. They are differentiated from genuine sarcomata by the 
fact that they remain localized, do not form metastases, and, as a rule, 
do not grow very large. 

On the other hand, psammoca rcinomata are, in their na- 
ture, occurrence, and course, genuine carcinomata, and are peculiar only 
in so far as so-called sand granules are frequently present in the stroma. 

MELANOMATA. 

Melanomata develop as a result of increase of pre-cxistteg plg' 
mented connective-tissue cells and usually form only 
nodules in the cerebral and spinal arachnoid, skin, the intermediate layer 
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of the suprarctials, the iris, choroid* and adipose tissue, which, in the 
atrophic state, not rarely manifests a tendency to pigment formation 
(brown atrophy of the adipose tissue). 

As pigmented cells in general are designated as chromatophores, 
the name chroma top hr cm a has been suggested for these tu- 
mors. Macroscopicly, the pigmented portions of these growths are 
brownish black*.. 

These tumors are distinguished from the malignant forms: mel- 
anosarcoma and melanocarcinoma, by their benign nature. 



Fig. 60. — Psammoma durae matris. Double-kiiife section. (Zeiss 
Apochr., 4; Comp. Ocul., 4. After LangerhansA 


GLIOMATA. 

Gliomata develop from the neuroglia — the peculiar connective and 
supporting tissue of the nerve-centers. Soft (medullary), hard 
< fibrous), and telangiectatic forms are differentiated. Glioma 
mcdullare is very richly cellular, scarcely any reticular intercellular 
Mibstance being recognizable. It is rare, while the mixed forms: 
inyxoglioma and gliosarcoma, are frequent. Glioma durum, 
or fibroglioma, is rich in parallel fibrillse, which in part are so densely 
arranged that some portions of the tumor possess a cartilaginous con- 
It usually contains corpora amylacea. 

Gliomata of the ependyma are very frequent. They are small, sub- 
luiliary, rarely hemp-seed sized, hard granules {cpendymiiis granulosa^ 
particularly in chronic hydrocephalus). 

Cerebral i^bmata (most frequent in. the white substance of the 
^^ontal and occipital lobes) sometimes reach very considerable dimen- 
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sions (about as large as an apple), and merge with the surrounding 
brain matter without any definite line of demarkation. The center is 
generally somewhat firmer than the periphery. The medullary form is 
more frequent than the fibrous. Owing to secondary changes, the cut 
surface of the tumors usually presents a very variable appearance. In 
the telangiectatic forms there is a decided tendency to hemorrhages, 
which occasionally obscure the tumor, especially as they may cause death 
under the semblance of apoplexy. In consequence of fatty metamor- 
phosis, large portions often assume the appearance of smoked bacon, 



Fig. 61. — Isolated cells from a cystic myxomatous glioma of the left 
frontal lobe. Large cells with numerous partly branched prolongations. At 
a a cell with two nuclei ; h, cells without nuclei ; c, cells with one nucleus and 
two nuclei. (Zeiss Apochr., 4; Comp. OcuL, 8. After Langerhans.) 

and by disintegration of the cells and softening of the intercellular sub- 
stance cyst cavities develop, which, after a time, may contain perfectly 
clear fluid. In other parts the albuminous substances become inspissated 
and transformed into caseous material by absorption of the watery 
constituents. 

These gliomata are almost always solitary, and even on lotjpf stand- 
ing do not give rise to metastases. The larger the tumor, the more, as 
a rule, the other parts (the large ganglia, corpus callosum, etc,) are 
compressed and displaced. 

Gliomata of the cerdbral nerves resemble in every way those of 
the brain. 
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Gliomata of the retina (see also p. 1056) develop from the base- 
ment connective-tissue fibers and the intermediate granular layer. They 
occasionally have a lobulated structure. As soon as the bulb is en- 
tirely filled with the tumor masses, the lens and iris are pushed for- 
ward. With further progress perforation exteriorly occurs, usually at 
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Fig. 62. — Glioma with stellate cells, their processes forming part of the 
fibrous elements. X 500. (After Stmus.) 

the corneal margin; cxophthalmia fungosa develops, the dark-red, 
readily bleeding, spongy tumor growing out in fungous form: fungus 
hxmatodcs. These retinal gliomata sometimes form metasta.ses, but, in 
general, they are not as malignant as the mixed tumor : gliosarcoma 
of the retina. 

SARCOMATA. 

Sarcomata (o^)»f= flesh) are tumors which, histologicly, belong 
fo the group of connective substances, and are distingjished from the 
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remaining connective-tissue neoplasms by the exuberant development of 
cells.^ 

The intercellular substance of sarcomata is seldom pure connective, 
glue-yielding tissue; it often contains albuminous and mucinous con- 
stituents, so that granular precipitates are produced; it may be homo* 
geneous (in myxosarcoma) or granular (in gliosarcoma) or fibrillar. 

Sarcomata, with very rich vascular supply (sarcoma teleangiectodes) 
manifest a marked tendency to hemorrhage: sarcoma hccmorrhagicum. 
Sarcoma diffusum invades quite uniformly the whole or a pait of an 
organ in the form of infiltration, while sarcoma tuberosum is the com- 
mon form of tumor. Sarcoma fungosum spreads upon the surface in 
fungous form with projecting margins; sarcoma polyposum, in its ex- 
ternal form, resembles an ordinary polypus. 

As regards etiology, it must be emphasized that birthmarks (ncevi 
materni) and flesh warts, especially the soft varieties (verrucce molles 
s, carncce), manifest an especial disposition later to undergo sarcomatous 
development, and that this is frequently observed in very small children. 
Next come true melanomata, congenital pigment marks (ncevi pigmen- 
tosi), from which, upon the trunk (back) and face, sarcomata, especially 
melanosarcomata, develop, particularly as a result of repeated irritation, 
e,g., scratching, friction of garments, etc. These sarcomata generally do 
not develop until advanced age, most commonly as a result of trauma or 
of continued irritation (e.g., from a carious tooth). In the same category 
belong also those cases in which the sarcoma is referable to a scar (c,g*, 
after a bite wound ) : keloid ( kt^XU— scar) . 

As regards malignancy, experience teaches that the small-celled 
sarcomata are more dangerous than the large-celled, while the spindle- 

1 Accepting the definition of Virchow, a tumor is diagnosticated as sarcoma 
when it is possible to make out in its richly cellular tissue : 1, a diffuse, irregular 
arrangement of cells in a more or less scanty basement substance ; 2, a direct con- 
nection with the blood-vessels, which are carried by the connective tissue, and, 3, 
a continuous and gradual transition into the adjacent tissue. To dia^osticate a 
neoplasm as sarcomatous upon the basis of these general peculiarities alone, 
however, would sometimes lead to great error, for ordinapr granulation-tissue 
formations possess the above-described peculiarities. Indeed, it is just here that a 
knowledge of the time and mode of development of a tumor offers great aid in 
differentiation. Such information, however, cannot be obtained in all cases. On 
the contrary, it is not infrequently necessary to make a diagnosis without this 
support. In these cases, however, a knowledge of the normal structure of the 
organ in which the tumor originates, particularly of the nature of its various 
pathologic changes, will furnish the principal support in examination. The greater 
this knowledge, the more readily the possible difficulties which the structure may 
present may be overcome. This knowledge of the appearance of the pathologic 
and normal conditions is all the more useful in view of the fact that a ^rcomatous 
neoplasm manifests sometimes slight, sometimes marked, individual differences 
according as it develops in one or the other species of connective tissue, according 
as it originates from one or another organ. How different in structure arc i sar- 
comata of the brain, bone-marrow, ovary, and of the skin! 
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celted sarcomata usually remain stationary for a considerable period 
Here, however, die character of the affected organ, its relation to the 
rest of the body, and especially to the vascular and lymphatic system, 
are also of importance. Sarcomata of the testicle form metas- 
tases more rapidly than sarcomata of the ovary. The largest 
and most dangerous are mediastinal sarcomata; next to these 
come sarcomata of the orbit (q-v.)- 



Fig. 63. — Myeloid sarcoma involving all the lymph-glands and associated 
with abundant white nodule formation in the spleen, and nodules and indura- 
tions in the liver. X 500. (After Ziegler.) 

The malignant, infectious nature of sarcomata is shown, first, by 
continuous infection of neighboring structures, adjacent ^.homologous 
tissues being first attacked, and, later, the heterologous tissues; second, 
by discontinuous infection, new tumor-nodules, separated from the 
mother-nodule by a small amount of normal tissue, appearing in sur- 
rounding parts, and, third, by true metastasis, i.c., the involvement of 
distant parts, particularly the internal organs. The metastases always 
correspond in their histologic character to the primary tumors ; for ex- 
ample, the metastases of osteoid sarcoma are always osteoid sarcomata, 
even in the lymph-glands and internal organs. In general, sarcomata 
manifest less disposition to form metastases in lymphatic glands and 
lymphatic vessels than carcinomata. The blood-current often appears 
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to facilitate the formation of metastases, e.g., in pulmonary metastased 
of osteoid sarcomata. The nature of metastasis formation speaks, on 
the whole, in favor of the view that the infecting substances are the 
tumor-cells themselves. 

The elements of sarcomata, and, hence, the sarcomata themselves, 
are generally relatively stable formations. Partial retrogressive meta- 
morphoses consist in so-called fatty metamorphosis, caseation, soften- 
ing, and ulceration. The latter is much more rarely observed than in 
carcinomata. 

It is customary to classify sarcomata as follows: — 

According to the nature of the tissue of which they are com- 



Fig. 64.— Isolated cells from a spindle-celled sarcoma (sarcoma fusicellu^ 
lare) : a, cells with two nuclei; b, cells in state of fatty metamorphosis; r, 
one process of the cell is bifurcated; d, long spindle cells; d, short spindle 
cells. (Zeiss Apochr., 4; Comp. Ocul., 4. After Langerhans.) 

posed ; fibro-, myxo-, glio-, melano-, chondro-, and 
osteo- sarcomata, respectively; according to their consistency, 
which depends principally upon the richness and character of the inter- 
cellular substance: soft and hard; according to the size of the 
cells: the small-celled and the large- celled sarcomata. 
Sarcoma mcdullarc consists principally of cells — contains only very little 
intercellular substance. The cells of all sarcomata are derivatives of 
the cells of the connective substances, but they frequently reach a higher 
stage of development. According to the form of the cells arc differen- 
tiated: round-celled sarcoma (sarcoma globocellulare), spin- 
dle-celled sarcoma (sarcoma fusocellulare) , and reticulate- 
celled sarcoma (sarcoma reticular e). Giant-celled sarcoma 
(sarcoma gigantoceUulqre, myelosarcoma) is diaracterized by the 
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presence of numerous multinucleated giant cells. In all sarcomata the 
cells are separated sometimes by a slight amount (often scarcely rec- 
ognizable), sometimes by more intercellular substance. Hence, the giant 
cells occasionally present a certain resemblance to cancer alveoli. There 
are, however, also true mixed forms (carcinoma sarcomatodes), 
in which certain areas possess a purely sarcomatous, and others a car- 
cinomatous, structure. 



Fig. 65. — Myeloid or giant-celled sarcoma. (Virchow.) 

In alveolar sarcoma (see Fig. 66), the reticulum may occasion- 
ally be very delicate and formed of spindle cells, individual fibers, or by 
alveolar prolongations of the sarcoma-cells. The cells which fill the 
alveoli are often closely arranged like epithelia and intimately connected 
with the alveolar wall; if they are loosened from the alveoli, which, in 
contradistinction to carcinoma, is not readily accomplished, there gen- 
erally are observed no entirely free spaces, as in carcinoma, but the 
alveoli usually are traversed by fibrillae. 

Melanoaarcomata of the eye (melanocarcinomata and mixed forms 
occur here also) may originate from the corneal margin as flat, rounded, 
slightly lobulated, mottled pigmented tumors ; or from the adipose tissue 
of the orbit (these soon cau.se exophthalmos or grow outward alongside 
the globe) ; or from the choroid, and then usually from the posterior 
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portion. The latter may perforate at the corneal margin, or follow the 
course of the optic nerve, or grow through the sclera. ^ These melano* 
sarcomata usually extend early to the cerebral and spinal arachnoid, 
and also form numerous metastases in distant internal organs. Next to 
the eyes, the skin and rectum are most frequently the seat of primary 
melanosarcomata. 

Osteosarcomata, sarcomata ossitim, are divided into two principal 
groups : the external — periosteal, and the internal — myelog- 
enous. The first develop from the periosteum, and are usually 
hard forms {fibro-, chondro-, ostco- sarcomata ) ; the myelogenous are 



Fig. 66. — Alveolar sarcoma of the lymph-glands, a, stroma; b, cell-nesta; 
c, alveoli with isolated cells. X 100. (After Ziegler,) 

chiefly medullary forms. Periosteal osteosarcomata fre- 
quently invade the spongiosa at the point where the spongy portion of 
the bone lies close to the periosteum, in which case it is difficult to 
decide whether a periosteal or a myelogenous form exists. These 
tumors are usually composed of spindle cell.s ; less frequently of round, 
stellate, or reticulate cells. Round cells are found in the youngest 
lamellae, and are constant constituents of the cartilaginous lamellae J the 
stellate and reticulate cells occur in the firmer, fibromatous, osteoid, and 
osseous parts. Giant cells are most frequently observed in the peri- 
osteal sarcomata of the jaws: epulis^ {sarcoma gigantocelMare)* 
The periosteal sarcomata soon invade in their growth the adjacent «)n- 
nective tissue, the fasciae, and muscles, while they generally gprow around 

* ^ See sarcoma of choroid. 

2 M » on j =55 gum. ** 
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the* vessels, nerves, and tendons. They form mctastases in the medi- 
astinal, bronchial, and cervical lymph-glands, and especially in the lungs. 
Sarcomatous epulis is sometimes hard, sometimes soft, and is situated 
either upon the jaw or invades the deeper structures. In the latter case 
the roots of the teeth also are usually involved. Some of them appar- 
ently develop from the periosteum of the alveolar processes. All forms 
of epulis readily recur. 

Myelogenous osteosarcomata are very vascular, and consist prin- 



Fig. 67. — Melanosarcoma of the choroid. Extrascleral deposits 
in and around optic nerve. 


cipally of soft tissue ; bone-tissue is either entirely absent or present only 
in the form of a capsule or shell. Their seat is chiefly in the spongiosa, 
^)wing to their marked tendency to form cysts, they are called also 
cystic sarcomata. To the nonencapsulated sarcomata belongs 
sarcoma fasciculaium — a medullary sarcoma which is characterized by 
^ distinctly radiate structure. 

Paroateal sarcomata are closely allieil to the periosteal; they are 
onietimes firmly connected with the bone. Medullary forms generally 
develop at the points of insertion of the muscles, and hard forms at the 
]H)ints of attachment of the fasciae. These also recur in loco, and often 
^orm metastascs in the lungs. 
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Sarcomata which develop from the fascia at a distance from 
the bone belong to the fibrosarcomata. Closely related to these are the 
sarcomata of the vascular sheaths. 

Retroperitoneal sarcomata are generally medullary spindle-celled 
^"sfrcomata; they sometimes form very large tumors, which may exert 
marked pressure upon neighboring parts. 

Fungus dura matris is located upon the inner surface of the dura 
in the region of the sella turcica and the petrous bone. It is usually 
composed of spindle cells, and causes deep erosion of the bone and 
atrophy of the brain without invading these structures. 



Fig. 68. — Epulis. Numerous large spindle-shaped cells and four giant cells, 

P'resh section. (Zeiss Apochr., 4; Comp. OcuL, 8, After Langerhans.) 

Large spindle-celled sarcomata, which originate from and adliere 
very firmly to the dura, invade the brain, but can very readily be shelled 
out and, indeed, often drop out spontaneously, are quite frequently 
observed upon the convexity of the brain. These sarcomata are gen- 
erally pale reddish gray in color, and often present yellowish mottling; 
they are somewhat irregular, sometimes nodular upon the surface, quite 
dense, and have a distinctly striated intercellular substance. They do 
not form metastases. (See Edothelioma.) 

In contrast to these the sarcomata which originate in the brain 
itself are soft and usually mixed tumors : m3nu»arconuita and 
gliosarcomata. These also are usually sharply bounded by the 
surrounding brain substance, and on incision are partly yellow mottled, 
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partiy gray, and translucent; the telangiectatic forms ar^ often brigl^t 
red on section and partly hemorrhagic. These sarcomata always remain 
localized. 

The serous, synovial, and mucous membranes in general manifest 
little disposition to form sarcomata. When sarcomata develop in these 
parts they grow slowly by formation of new nodules. The gastric 
mucosa is most frequently affected, and next the uterine and nasal 
mucosae. 

Glandular (adeno-) sarcomata (myxosarcoma and fibro- 
sarcoma) are of more frequent occurrence. In the breast they attack 


Fig. 69. — Section through a myxosarcoma (cylindroma), a, mucous tissue; 
b, fibrillated tissue. X 250. (After Ziegler,) 

either a part (in the region of the sinuses) or the whole gland, but they 
rarely attain large dimensions. Generally, the surrounding adipose tissue 
also is involved. The milk-ducts are almost always markedly dilated. In 
contrast to carcinoma, the axillary glands generally remain uninvolved, 
even after long duration. Metastases are located in the pleura and 
lungs. 

LymphosaiCOma (sarcoma lymphatkum s, lymphomatodes) dif- 
fers from all other sarcomata in its seat of origin as well as histologicly. 
‘t develops as a result of progressive, often excessive, proliferation of 
ihe cells of the lymph-glands, the cells frequently changing their char- 
‘‘eter and developing into large, often multinuclear cells, and it some- 
^ lines causes a similar proliferation in the adjacent lymph-glands: i.r., 
^^oteroplastic, lymphosarcomatous affections of neighboring parts, and, 
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finally, generalization — ^metastases in distant organs. This maUgnant 
form is always medullary, in contradistinction to the hard form, which 
depends chiefly upon abundant intercellular connective-tissue prolifera- 
tion of the septa of the lymph-glands, and results in the formation of 
only small, localized tumors. The medullary form originates most fre- 
quently from the cervical glands, mediastinal or retroperitoneal lymph- 



Fig. 70. — Lymphosarcoma of the lymph-glands of the neck, axillae, 
and mediastinum. (After Dietrich.) 


glands, and may easily be confounded with scrofulous glands. The most 
malignant lymphosarcomata are the mediastinal. The thymus gland is 
sometimes the seat of lymphosarcoma. 

By aleukemic mydosia (myeloid pseadoleukemia) is un- 

derstocxl all myelogenous tissue formations (independent of compaisa- 
tory proliferations occurring in the anemias) in which the myeloid cells 
which they contain do not enter the blood to any marked degree. The 
process involves principally the lymph-nodes, whkh are enlam4 tuid 
palpable. 
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The term mydomrcomR is employed to designate tumors com- 
posed of myeloid c!ements originating outside the bone-marrow. Their 
exact mode of origin is unknown. 

The structure of myelomata varies. In most instances the cel- 
lular elements are myelocytes (myelocy toma), though a case in 
which the tumor was composed of erythroblasts (erythroblas- 
toma) has been reported; or both these types of cells may be present 
(ery th romy eloblastoma). Occasionally the tumors are char- 
acterized by a greenish color, the origin and nature of which are un- 
known (chloromyeloma). In many cases of myeloma Bence- 
Jones's albumin is found in the urine. The cells of the tumors are 
occasionally found in the blood. 

Pla8moC3rtoma is a rare tumor composed of plasma-cells and 
confined to the bone-marrow. The plasma-cells frequently are found 
in the blood. 

H. Schridde* tabulates as follows the processes classed as pseudohyperplasias 
or true hyperplasias of the blood-forming tissues and to which, in his opinion, 
inappropriate names have in part been given: — 

I. Pseudohyperplasias: 

(a) Tuberculosis. 

\,b) Hodgkin's granuloma. 

3. True hyperplasias: 

(a) Regenerative and compensatory hyperplasias of the 
myeloid and lymphatic tissues. 

(b) Tumor-like hyperplasias: — 

(a) Aleukemic myelosis. 

Aleukemic lymphadenosis. 

(/5) Leukemic myelosis. 

Leukemic lymphadenosis. 

(c) Genuine tumors of the blood-forming tissues: — 
(o) Myeloma. 

Lymphoma. 

(/S) Myelosarcoma. 

Lymphosarcoma. ^ 

The pseudohyperplasias (tuberculosis, Hodgkin's granuloma), the true hyper- 
plasias, especially aleukemic myelosis and lymphadenosis, and lymphoma and 
lymphosarcoma have heretofore frequently been classed under the term ‘‘pseudo- 
leukemia,” because clinicly the enlargements of certain groups of lymph-nodes 
(in the neck, groin, etc.) sometimes occurring in them possess a certain similarity 
to the lymph-node tumefactions observed in leukemic myelosis. They differ 
olinicly from the latter, however, by the aleukemic blood-hndings. The most 
varied alterations: infectious granulomata, tumor-like hyperplasias, and true 
Uimors, have, therefore, l)een included under the collective terra “pseudolcukemia,” 
which has led to great confusion. The designation “pseudplcukemia” is logicly 


^Aschoff's Path. Anat, Bd. ii, p. 127. 
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untenable, because by it must be understood a blood-finding similar to that in 
leukemia. If the name is used at all, it should be employed only in connection with 
the blood-picture observed in leukanemia.^ For these reasons Schridde would dis- 
card the term *‘pseudoleukemia.” 

LYMPHATIC TUMORS. 

To this group belong the leukemic tumors, the typhoid, 
scrofulous, and simple hyperplastic lymphomata, and 
tubercle. Only the leukemic and the simple hyperplastic lympho- 
mata will be discussed here. The other forms are fully considered in 
other portions of the text. (See p. 251.) 



Fig. 71. — Leukemic infiltration of the renal cortex, a, urinary tubules; 
lymphocytes. X 150. (After Ziegler.) 

Leukemia^ develops either from the lymph-glands (lymphatic 
leukemia) or from the bone-marrow (medullary or myelog- 
enous leukemia). In the first form progressive enlargement 
of the lymphatic glands and spleen occurs coincidently with advance of 
the disease. This enlargement is essentially due to increase of the paren- 
chyma; which, however, is always accompanied by hyperplasia of all the 
remaining tissue. The spleen is at first softer, but becomes harder and 
firmer with further growth. In the more marked forms of the disease, 
heteroplastic proliferations are asociated with the hyperplastic, lymphatic 
growths, lymphoid tissue occurring in organs in which otherwise no such 
formations exist, namely, in the liver, kidneys, and retina. Involvement 
of these organs occurs either in the form of a diffuse lymphatic infiltra- 

1 Leukanemia is said to differ from pernicious anemia by the absence of 
hemosiderosis of the liver, (See Blood, p. 673.) 

2 For changes occurring in the blood, sec Blood, p. 661. 
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tion, which starts from the vessels, or as small, circumscribed tumors 
composed entirely of lymphatic elements (follicular form). These mani- 
fest no disposition to undergo retrogressive metamorphosis; they are 
enduring structures, in contradistinction to (lymphatic) tubercles, the 
elements of which are characterized by their great tendency to disin- 
tegrate. 

Myelogenous leukemia (leukemic myelosis) is characterized 
clinicly by the marked alterations of the blood (diminution in the num- 
ber of the red blood-corpuscles ; presence of large numbers of myelocytes 
and myeloblasts; eosinophilic and neutrophilic granulations within the 
same cell; erythroblasts, etc.). There are marked changes in the bone- 
marrow; increase of myeloblasts, ripe and unripe myelocytes; myeloid 
foci occur also in the liver, spleen, lymph-nodes, skin, and mucous mem- 
branes, etc. 

Lymphomata, which may be local or general, are simple hyper- 
plastic growths composed of lymphocytes and a fibrous reticulum in no 
way differing from that of the normal gland. They occur most fre- 
quently in the mesentery and do not form metastases. A variety known 
as chlorolymphoma is macroscopicly characterized by a green color. 
Ilistologicly, they manifest no deviations from the other variety. 

Aleukemic lymphadenosis (lymphatic pseudoleukemia) is, 
as far as is known, histologicly indistinguishable from lymphatic leu- 
kemia. 

Hodgkin^s granuloma (disease) has no connection with so- 
called pseudoleukemia. The process occurs principally in youth, and 
involves most frequently the lymphatic glands of the neck, though the 
lymph-nodes of other localities (<'.</., groin) may be affected, llisto- 
logicly, the growths are composed of short spindle-cells, occasionally 
arranged in small bands, between which here and there are .small rem- 
nants of lymphatic tissue and often numerous so-called giant-cells. More 
‘)r less large areas of necrosis also are present, in the peripheiy of which 
very numerous eosinophilic cells are found. This eosinophilia is observed 
also in the liver, spleen, and other organs. 

To the group of simple hyperplastic lymphomata belong hyper- 
trophy of the tonsils, polypous hyperplasia of the solitary fol- 
licles of the intestine, and hyperplasia of the thymus gland. (See 
Status Lymphaticus. ) 

Hypertrophy of the tonsils is the result of chronic pharyngitis. 
Angina catarr halts tonsillaris, or tonsillitis, is always accompanied 
l»y acute inflammatory swelling (edema and hyperplasia) of the tonsils. 
Ihe tumefaction may very speedily subside or terminate in abscess or 
i^^duration. If the catarrhal inflammation frequently recurs or the acute 
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process becomes chronic^ permanent enlargement— a true hyperplasia— 
of the tonsils usually supervenes. As there is no disposition to sponta* 
neous retrogression, but, on the contrary, a slow growth generally occurs 
in accordance with the repeated attacks of inflammation, the hyperplasia 
of the tonsils may become so decided as to threaten suffocation from 
narrowing of the pharynx. If the enlarged tonsils are removed by 
operation, small remnants generally remain, from which an equivalent 
for the extirpated tonsils sometimes develops. This hypertrophy of the 
tonsils (better: hyperplasia) is due essentially to increase of the Ijrni* 
phatic elements. Hyperplasias consisting principally of an increase of ^ 
connective tissue are much rarer, and always result in induration and 
occasionally in ossification. 

Polypous hyperplasia of the solitary follicles of the intestine is 
likewise a sequela of chronic catarrhal inflammation of the mucous mem- 
brane. At first the follicles are only somewhat more strongly swollen 
and a little more prominent than normal ; later they become more and 
more elevated above the surface until, finally, small pedunculated polypi 
develop. 

Pseudoleukaemia sastrointestinalis is an affection characterized 
by enlargement of the tonsils, cervical lymph-glands, spleen, the follicles 
of the gastrointestinal tract, and adjacent lymph-glands, due to hyper- 
plasia of the lymphoid elements of these structures. The malady is asso- 
ciated with oligemia, poikilocytosis, occasionally nucleated erythrocytes, 
a relative increase in the small mononuclear leucocytes (lymphocytes), 
which occasionally may exceed in number the polymorphonuclears, but 
there is no leucocytosis. It is distinguished from Hodgkin^s disease by 
the absence of tumefaction of the superficial lymph-glands. In the intes- 
tinal tract the follicles may be so enlarged as to form sessile or pedun- 
culated nodules of considerable dimensions. The etiology is unknown. 

So-called asthma thymicum occurs in young children as the result 
of hyperplasia of the thymus gland and consequent pressure 
upon the trachea, nerves, and vessels. Sometimes death occurs under 
the phenomenon of asphyxia. (See Status Lymphaticus.) 

MYOMATA. 

Myomata consist principally of muscular elements, either striped: 
myoma striae ellularej or smooth: myoma larvkellulare. 

Myoma strio cellulate (rhabdomyoma) occurs congenitally in the 
heart muscle. In the tongue (macroglossia) it is more fre- 
quently congenital than acquired. Macroglossia generally affects 
the anterior portion of the tongue, the lymphatic vessels and Ae letoT-^ 
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cdiln^ive tissue being chiefly involved. Acquired macroglossia 
is almost always due to traumatism. In the congenital form the accel- 
erated growth, the hyperplasia of the tongue — which even at birth is 
unusually large-r-begins soon after birth, and is generally accompanied 
by inflammatory phenomena. 

Myoma l<Bvicellulare (leiomyoma) generally consists of smooth 
muscle and connective tissue. If the latter is present in large amount, 
the tumor is designated asfibromyoma. As smooth muscle is col- 
orless, pure myomata containing little or no connective tissue have a 
translucent, gray appearance. The more connective tissue present, the 
whiter the cut surface. In those portions containing fibrous connective 
tiSvSue only, the tumor has a tendinous, sometimes a distinct mother-of- 
pearl-like, appearance. The blood-vessels are generally very few in 
number; in some cases, however, they may be so numerous and large 
as to impart a reddish color to the whole tumor : myoma tcleangicctodes 
(angiomyoma, myoma cavcrnosum). 

Growth occurs by division of the muscle-cells in all parts of the 
tumor. The elements are very enduring structures, which, in general, 
manifest little disposition to undergo retrogressive metamorphosis. If 
subsequent fatty metamorphosis occurs, fibrous induration follows, and 
frequently also calcification. t Softening and cystic degeneration are 
rarer. On the other hand, a distinct spontaneous diminution in size is 
frequently observed in advanced age (senile atrophy). 

Myoma is a tumor of advanced life, is never congenital, and at the 
earliest begins at the period of puberty. It always has an irritative 
origin; repeated irritations (catarrhal inflammations of the mucous 
membranes) are often the cause, sometimes insufficient use (uterine 
myomata are said to be found most frequently in spinsters, while 
myomata are never observed in the arteries). 

The uterus is the common seat of myomata. Myomata of the 
skin in the region of the breast nipples, upon the scrotum and eyelids, 
are rare; myomata of the digestive canal, especially of the stomach, 
are more frequently observed. Here they usually develop tpward the 
serosa or mucosa, so that they sometimes assume a polypoid 'form. 

Myomata of the prostate are generally designated as prostatic 
hypertrophy (q.r^). Two forms of prostatic hypertrophy are dif- 
ferentiated: glandular and fibromuscular hyperplasia. 

The first form is much rarer than the second. Sometimes the mus- 
cular elements, sometimes the connective tissues, are principally affected ; 
the process, however, is always disproportionate, ue., as a rule, only 
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certain points of predilection are more markedly enlarged. True pro» 
static myoma frequently originates from the upper margin of the isth- 
mus — from the so-called posterior or middle lobe. It grows upward, at 
first forming a flat-round protuberance over the internal orifice of the 
urethra, and later a more or less large, globular, sometimes pedunculated 
tumor which may cause valve-like occlusion of the urethral orifice. The 
larger tumors are always distinctly lobulated in structure. Next in 
frequency to the so-called posterior lobe, the lateral portions (the true 
lobes) are the parts from which more or less large, lobulated myomata 
develop . Myoma of the bladder is rare. 
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Rg, 72. — Hypertrophy of prostate. In the center, a 
so-called prostatic calculus. 


Myomata of the uterus are almost always fibromyomata. Their 
relation to the uterus is like that of lipomata to adipose tissue. They 
are partial excessive hyperplasias. Three forms are differentiated 
according to their location : — 

1. Submucous myomata. 

2. Intraparietal (intramural) myomata. 

3. Subserous (subperitoneal) myomata. 

Submucous and subserous myomata either have a broad base or 
develop as pedunculated polypi. The muscular substance of the pedicle 
frequently atrophies, so that only a bridge of richly vascular connective 
tissue remains. Then, the tumors are generally very poorly vascular 
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atid vcty hard. The subserous forms sometimes attain an enormous 
size (the size of a child's head and larger), and by friction, traction, 
and pressure upon neighboring parts may give rise to secondary dis- 
turbances. The most common location is the fundus. The submucous 
forms also start most frequently from the fundus, or from the poste- 
rior or anterior wall ; they also are often pedunculated, but are gen- 
erally softer than the subserous. The uterus itself, in accordance with 
the growth of the tumor, must enlarge in submucous myoma; it is not 
simply dilated, but the wall also is frequently hypertrophied. Inversion 
of the uterus is occasionally caused by the tumor when uterine con- 
tractions force the tumor toward the exterior; sometimes the tumor 
may also be detached and spontaneously expelled by the contractions. 



Fig. 73.— Myoma of the uterus, a, intraparietal ; b, subserous ; r, submucous. 

From a 54-year-old woman. Half natural size. (After Langerhans.) 

In every case of submucous myoma the mucous membrane is in a state 
of chronic catarrhal inflammation, and manifests a tendency to hemor- 
rhage. In chronic cases superficial ulceration, suppuration, and, finally, 
also gangrenous disintegration of the tumor very readily occur, and 
often are favored by therapeutic measures or physical examination. 
The submucous forms, like the subserous, may produce secondary dis- 
turbances by the size of the tumor. 

The broad-based submucous fibromyomata constitute the transition 
to the intraparietal forms. The latter often grow larger than 
the subserous and submucous forms, and sometimes fill the whole 
abdomen — to about 50 kilograms (110 pounds) in weight. The cut 
5^urface of these large tumors is sometimes smooth and uniform, some- 
times distinctly lobulated. They develop principally from the posterior 
wall of the uterus. With gradual growth the uterine cavity becomes 
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greatly altered in form; being disjdaced and drawn upon in its lo«ig 
axis, the cavity not infrequently assumes a crescentic or semicircular 
shape. If several myomata coexist, the cavity becomes still more mark^ 
edly altered, much reduced in size, tortuous, and increased in length, 
so that it is sometimes difficult to trace the course of the long, narrow, 
distorted uterine canal. Frequent accompaniments are flexions (ante- 
flexion and retroflexion), generally in the neighborhood of the internal 
os; elongation of the uterus, and often prolapsus. In some cases the 
myomata grow laterally into the ligamentum latum. These intraparietal 
forms also may produce secondary disturbances in surrounding parts. 

Myoma teleangiectodes cavernosum occurs as a special form which, 
upon section, may present an almost sieve-like appearance. These are 
the softest and most richly muscular forms. Sometimes only a part of 
the tumor, sometimes the whole tumor, is of this nature. This variety 
of tumor occurs at a relatively early period and perhaps develops from 
the ordinary forms during pregnancy, in which state the whole uterine 
mass is altered in a very similar manner. By virtue of its innumerable 
dilated vessels and its numerous muscular elements, it possesses, within 
certain limits, the ability to increase or decrease in size, that is, to vary 
in dimensions. 

The cystic form of myoma, myoma cysiicum, produced by cystoid 
metamorphosis of a primarily solid tumor, is of rare occurrence. The 
cysts owe their origin to foci of softening. Hemorrhages into the in- 
terior occur easily, so that the contents of the cysts become hemor- 
rhagic : myoma cysticum hcemorrhagicum. Cystic myomata like ovarian 
cysts, are multilocular. 

By partial sarcomatous metaplasia, uterine myomata may be con- 
verted into true mixed tumors: myosarcomata. These also undergo 
cystic degeneration by fatty metamorphosis and disintegration of the 
cells, and by softening and solution of the intercellular substance; myo^ 
sarcoma cysticum. 

Myomata of the neck of the uterus: myomata colli uteri, are com- 
paratively very rare ; they usually develop into intracervical polypi, which 
occasionally protrude into the vagina. Elongation of one or both Kps 
is almost invariably present also in this condition. If myomata of the 
uterine neck attain considerable size, dislocation of the body of the 
uterus may readily take place. 

Myomata vagince are of rarer occurrence than myomata of the 
uterine cervix; they form quite large, soft tumors. 

Myomata ligamentorum uteri usually develop by extension of Uter- 
ine myomata to the respective ligaments. The ligaments may, howeyer, 
also be the seat of independent myomata. 
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of the FaUoptan tubes are equally rare ; they are always 

small size. 

On the other hand, large fibromyomata may develop from 
the ovaries* These belong to the hardest forms, contain but few 
muscular elements, and, consequently, are very closely related to pure 
fibromata. Richly muscular fibromata are of very exceptional occur- 
rence. In this condition the remaining tissue of the ovary is usually 
in a state of chronic interstitial oophoritis — a proof of the irritative 
origin of fibromyomata. 

NEUROMATA. 

Neuromata consist of nerve substance and connective tissue. They 
occur most frequently upon the spinal nerves, more rarely upon the 
sympathetic, and most rarely upon the cerebral nerves. They occur 
also in the brain, spinal cord, and the ganglia. It is customary to dif- 
ferentiate peripheral and central neuromata; fibrillar or 
fascicular neuromata, and cellular or ganglionic neuromata. 
The peripheral neuromata must again be divided into those of the 
nerve-trunks and those of the nerve-endings — the so-called terminal 
neuromata. They sometimes consist, according to the principal 
constituent, of nerve substance — pure neuromata; sometimes a large 
amount of interstitial tissue is present, mixed forms thus originat- 
ing: f ibroneuromata, glioneuromata, myxoneuromata. 
According to the nature of the nervous substance, three groups are 
differentiated : — 

1. Neuroma fibrillar c amyclinictim: nonmedullated, gray neuroma. 
Upon section a dense fibrillar reticulum is seen which is macroscopicly 
and microscopicly similar to the fibromata. 

2. Neuroma fibrillar c myclinicum: consists of medullated nerve- 
fibers. 

3. Neuroma mcdullarc: soft, sometimes more white, sometimes 
more gray, ganglionic neuroma, often with soft, glious interstitial sub- 
stance. 

Heteroplastic neuromata are located in the sexual glands: testes 
and ovaries. 

Amputation neuroma belongs to the hyperplastic neuromata. If 
a number of neighl)oring nerve-trunks lie together in the amputation 
stump, they frequently coalesce and form a single nodule. In a similar 
manner, regeneration occurs within the cicatrix in simple division of 
a nerve, budding taking place from the axis cylinder of the central 
stump, and these buds growing into the peripheral stump. Amputation 
neuromata are usually ovoid or spheric swellings of insignificant size 
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(seldom as large as a pltim). Those varieties which develop after liga- 
ture of nerves, and many others, of traumatic origin, are closely related 
to the last-mentioned forms. Others originate in the neighborhood of 
chronic inflammatory alterations. To these belong the neuromata in 
congenital and acquired elephantiasis. Congenital neuromata 
are not infrequently multiple, nodules being present either upon the 
same nerve (rosary-like) or upon the branches of a nerve (plexiform) 
or upon many nerves. The same relation exists in hereditary 
neuromatosis. Central neuromata belong to the congenital for- 
mations. These are usually multiple, small nodules of gray substance 
within the white matter, which often lie beneath the ependyma of the 
lateral ventricles. 

An hyperplastic neuroma formation occurs in the spinal cord in the 
form of a congenital sacral and coccygeal tumor. 

True neuroma is a local, benign tumor. It develops slowly, may 
recur and even become multiple, and, consequently, under certain con- 
ditions, may be malignant; it never, however, forms metastases of the 
glands, and does not result in generalization. 

Fatty metamorphosis, softening, and cystoid transformation are 

rare. 

ANGIOMATA. 

Angiomata consist essentially or wholly of new-formed vessels, 
or of vessels with new-formed elements of the wall. Not all partial 
dilations of the vessels with tumor-like exterior (aneurisms and varices) 
belong here. The limitations cannot, however, everywhere be sharply 
defined, since new formation of elements of the vessel wall occurs also 
in simple aneurism and varix. Furthermore, all those tumors are to be 
excluded which have already been mentioned as telangiectatic subdi- 
visions in connection with other tumors. 

Three forms of angiomata are differentiated: — 

1. Angioma cavernosum, 

2. Angioma simplex, 

3. Angioma racemosum, 

1. Cavernous angioma consists of numerous, large, inti- 
mately connected blood-spaces which occupy the position of the capil- 
laries and merge into wide, tortuous, and frequently sacculated veins. 
The size and form of the spaces are very variable ; they are lined with 
delicate endothelium, and consist of a basement structure (trabecute 
and flat partitions with nodal points) composed of ordinary connective 
tissue. In this are Sometimes found also elastic fibers and smooth 
muscle; in the coarser trabeculse also vessels {vasa vasorutn) and 
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nerves. The tumors are of greater or lesser density according to the 
amount of this tissue present. They are partly compressible (like the 
corpora cavernosa) ^ partly noncompressible ; partly pulsatile, partly not. 
They receive their blood from arteries, with which they always are 
connected, and convey it to veins. Encapsulated cavernous angioma 
{angioma cavernosum circumscriptum, incapsulatum) has an especial 
connective-tissue capsule which is the product of a secondary inflam- 
mation of adjacent tissue, and is, therefore, absent in very young tumors. 
The capsule forms the definite limits of the growth. Angioma caver- 
nosum diffusum, like all other angiomata, has no capsule; here gradu- 
ally enlarging interstitial areas, consisting of the surrounding tissue, 
develop at the margin and grow in between the blood-spaces. Encap- 
sulated angiomata grow to walnut size; the diffuse to the size of the 
fist. Flat extension is characteristic of the latter. Both forms originate 
from dilation of new-formed vessels and their transformation into cavi- 
ties, which may coalesce, the interstitial tissue disappearing by atrophy. 
The dilation of the vessels is not passive distention with gradual thin- 
ning of the walls, but an active hyperplasia, an ectasis with progressive 
increase of the mural elements. Hence, angioma also belongs to the 
proliferation tumors the origin of which is due to irritation. 

These angiomata are not infrequently congenital, beginning as 
smaller or larger red spots; they are very rarely hereditary. The con- 
genital may remain stationary for a long time, and then suddenly begin 
to grow rapidly. In some acquired cases trauma is stated as a cause. 

According to their location are differentiated external and 
internal angiomata. 

Cutaneous angiomata are more or less elevated; they are some- 
times uneven, lobulated, and resemble in form a strawberry or mul- 
berry, They are located most frequently upon the head and adjacent 
parts of the throat and neck; those parts wiiich in early embryonal 
life correspond to the fissures (branchial clefts, oral and nasal clefts, 
lachrymal and palpebral clefts), and which do not close until a late 
period of intra-uterine life, are especially disposed. These f is sural 
angiomata extend from the external skin to the neighboring mu- 
cous membrane, e.g,, from the lip to the gums, and in the depth to the 
adipose tissue and sometimes into the muscles. The auricular angio- 
mata are the most common; then follow in frequency the labial, naso- 
frontal, palpebral, and, finally, the buccal angiomata. Upon the throat 
and neck, the submaxillary and retroauricular regions; upon the trunk, 
the region of the sexual organs, are especial points of predilection. 

The subcutaneous angiomata have points of predilection similar 
to the cutaneous. Two forms are differentiated: lipogenous and 



264 


ANGIOHATA. 


phlebogenous* The former lie in the fat-tissue and are dilltiae 
angiomata^ which grow comparatively large and often secx>ndaHly 
volve the skin. This, probably, is the commonest form of angioma. 
The phlebogenous are encapsulated and intimately connected with venous 
trunks. Upon the head the subcutaneous angiomata occur principally 
upon the cheeks and in the orbital cavities ; upon the trunk, in the axillary 
region. Of the extremities, the forearms and hands are most often 
affected. 

Pure muscular and pure glandular angiomata are among 
the greatest rarities. 

The osseous, particularly peripheral angiomata of the bones, 
are somewhat more frequent, especially in those parts where the bone 
is uncovered by muscles, or only by a very thin layer (head, scalp, 
sternum). 

Of internal cavernous angiomata, that of the liver is 
most frequent. It develops after birth (as does that of the spleen and 
kidneys), is found oftener in elderly persons than in the young, and, 
therefore, belongs to the acquired angiomata. It sometimes attains the 
size of a walnut, and usually lies directly under GHsson’s capsule, at a 
point where ordinarily true liver-tissue is found. It begins in the center 
of an acinus, with connective-tissue proliferation. The development of 
vessels occurs in the new-formed connective tissue. 

2. Simple angioma {angioma simplex, teleangiectasis) con- 
sists of very wide, partly new-formed, capillaries, the walls of. which 
are altered. The arteries and veins also may be involved, though the 
alteration of the capillaries always predominates. This form of angioma 
also is distensible (swells) in congestive states. Ordinarily it does not 
appear in tumor form, but as a diffuse, flat growth. The margin is not 
sharp; on the contrary, transition is rather gradual. One of the most 
frequent forms of simple vascular tumor is ncevus vasculosus seu tele- 
angiectodes, the so-called mother’s or birth- mark. The more super- 
ficial the vessels, the brighter is the red color of the angioma: luevus 
flammeus: ^‘fire-mark” or '‘port-wine mark.’’ These dif- 
fuse nevi attain the greatest size upon the face and extremities. In 
general, they have the same points of predilection as the cutatMKius 
cavernous angiomata. 

Ncevus subcutaneus teleangiectodcs lipomatodes is frequently of true 
tumor form, sharply defined, and noncapsulated. 

In angioma simplex hyperplasticum numerous, thick-walled, corJe- 
screw-like vessels occupy the place of the capillaries. 

Angioma varicosum simplex affects principally the venous radicles, 
while the true capillaries are but slightly involved. The smallest vefas 
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are strongly dilated^ varicose; the normal tissue gradually disappears 
as a result of this sacculated ectasis. This form occurs in the skin, in 
the subcutaneous and deep tissues, and in the liver. 

Venous (varicose) and simple angiomata are usually congenital, 
but they develop also soon after birth. They generally grow rapidly; 
spontaneous retrogression also occurs. 

Hemorrhoids (piles), which are closely related to cutaneous angio- 
mata, are located either outside (covered with squamous epithelium) 
or within the anus (covered with cylindric epithelium) — either subcu- 



Fig. 74. — Hemangioma with hypertrophic cndothelia (endothelioma) of 
the kidney, a, blood-ve.ssels filled with blood; b, blood-vessels filled with 
proliferated epithelia. X,3(X). (After Ziegler.) 


taneous or submucous; occasionally also they are semi subcutaneous and 
semisubmucous. In this condition the hemorrhoidal plexus in the region 
of the external sphincter of the anus is involved. The varicose points 
correspond most frequently to the highly vascular longitudinal folds 
(columnee Morgagni) within the anus. The hemorrhoidal nodes con- 
sist of a convolution of very tortuous varices. The cut surface, there- 
fore, sometimes has an apparently cavernous appearance. Between and 
in the vicinity of the individual varices there is always a certain amount 
of tissue, called hernial sac, containing veins and arteries. These hem- 
orrhoids are of very frequent occurrence, but they usually do not develop 
until mUldk age. A certain predisposition appears to be of importance, 
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but an especial immediate cause (retention of fecal masses, dironic 
catarrh of the rectum, etc.) is always required in order to produce the 
local disorder of the anus. In addition to the hemorrhoidal bleedings, 
this local affection is associated in successive order with floxional dis- 
turbances of other organs, due to congestion in the vascular apparatus. 
There are two different forms of bleeding in hemorrhoids. Only one 
originates from the hemorrhoidal nodes; the other comes from the 
vessels of the mucosa. The latter is an accompaniment of an existing 



Fig. 75. — Section through a nodular so-called angiosarcoma of the thyroid 
gland, a, transverse section of vessels; b, perivascular cell cylinder with 
numerous mitoses in transverse section ; c, granular masses with cells between 
the individual cell cylinders. X 80. (After Ziegler.) 

chronic catarrh, while the former is usually the result of increased 
blood-pressure. The hemorrhoidal nodes, especially after severe hem- 
orrhage, may spontaneously subside, shrivel; inflammation with final 
ulceration or gangrene is more frequent. Thrombosis with subsequent 
connective-tissue contraction or softening sometimes occurs, from which 
abscess and anal fistula may result. 

Simple angiomata are found also in the central nervous system — 
in the brain, spinal cord, arachnoid, and tela chorioides. In the brain 
the floor of the fourth ventricle is relatively frequently affected- The 
Structure is always in the form of blood-sacs, the communication of 
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which with vessels can plainly be demonstrated. The blood-sacs develop 
either from capillaries or small veins. 

In the class of false angiomata: angiomata spuria, belong 
the angiomatous varieties of other forms of tumors. Indeed, the devel- 
opment of ectatic vessels is sometimes so pronounced that the angio- 
matous character, at least in certain parts of the tumor, predominates. 
This is true especially in softigliomata, myxomata, and sarcomata of the 
brain, and in lipomata, myxomata, and sarcomata of soft parts and of 
the bones of the extremities. The same phenomenon occurs also in 




Fig. 77.— A part of 
Fig. 76 strongly magnified. 
Fig. 76. — Extirpated lymphangioma /, elastic lymph-vessels with 

of the hand. 1, wide lymph-vessels; b, single layer of epithelium; 

connective tissue. (Zeiss Apochr., 16; b, connective tissue. (Zeiss 

Comp. Ocul, 4. After Langcrhans.) , Apochr., 4; Comp. Ocul., 4. 

After Langerhans,) 


many polypi of mucous membranes, especially in the posterior portions 
of the nasal cavity, in the uterus, and in the anterior part of the female 
urethra. 

3. The racemose angiomata are characterized by the fact 
that the whole extent of a vessel is dilated. Here the tumor character 
may be obscured. It is often very difficult to draw a distinct line be- 
tween simple ectasis, varix, and aneurism. 

Thus, dilations of the vessels without true tumor character occur 
in aneurysma spurium arteriovenosum or anastomoticum, which, usually 
of traumatic origin, is caused by communication between arteries and 
veins, 
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In cirsoid aneurism, m^^ur^sma racemosum, there is dilation 
of the branches of an artery as well as of its collaterals. The more 
marked the dilation, the more the adjacent tissue atrophies {e,q., bones). 
Aside from the dilation, such a vessel increases in length, whereby it 
becomes tortuous and varicose: If the conditioti occurs only upon the 
trunk of an artery, it is designated as aneurysma serpentinum, A por- 
tion of these cases develop in intra-utering^life; a portion are the result 
of mechanical influences. Increase in the mural constituents is always 
present. As soon, however, as marked sacculation occurs, the walls 
become gradually thinner. Racemose aneurism occurs most frequently 
upon the head and extremities. 

Closely allied to racemose aneurism is the more frequent zfarix 
racemosum (cirsoides, anastomoscon) . It occurs principally upon the 
lower extremities, the labia, and the spermatic cord (varicocele 
of the veins of the spermatic cord), rarely upon the head (here, after 
erosion of the skull, it may communicate with the sinus of the dura 
mater), and upon the hand. Spontaneous thrombosis, which occasion- 
ally results in the formation of phlebitis, readily occurs in these racemose 
varices. 

L3rmphangioma occurs most frequently in the racemose form as 
lymphangioma racemosum. As such it may form tumors of consider- 
able size. Furthermore, lymphangioma participates markedly in ele- 
phantiasis lymphorrhagica, especially in the tropics. In macroglossia 
also there is an interstitial hyperplasia of the connective tissue with the 
formation of lymphatic spaces; lymphangioma cavernosum. Lymphan- 
giomata develop by hyperplasia with ectasis as well as by true new 
formation of lymph-vessels. 

2. The Organoid Tumors. 

These are composed of several tissues combined to form a com- 
plicated structure and often arranged in organ-like manner. 

CARCINOMATA. 

In their histologic structure carcinomata possess a marked 
resemblance to true glands — organ-like (organoid) structures. Like 
glands, they consist of a connective-tissue stroma^ (see Fig! 78) 
and epithelia, which lie in groups. (See Fig. 79.) There is, however, 
a characteristic difference, inasmuch as the epithelial groups have no 
central lumen, as do all true glands. The spaces occupied by the epitbe- 

1 The stroma frequently undergoes hyaline change and very rarely 
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Ijal groups are called alveoli,^ because, on section, they present a 
certain resemblance to the arrangement of lung-tissue. As these alveoli 
arc completely filled with epithelia, solid cell-nests are produced. 
In the latter no definite arrangement or order of the epithelia can be 
recognized; indeed, the impression almost always received is that the 
epithelia are grouped together lawlessly. 

The size of the alveoli containing the epithelia in relation to the 
breadth of the connective-tissue stroma varies within very wide limits. 
In scirrhous carcinoma the connective tissue is so much in excess 




Fig. 78. — Carcinoma stroma 
from a renal carcinoma of a 51- 
year-old man. d, empty alveoli; 
c, stroma; a, one epithelial cell; 
b, two epithelial cells. 


Fig. 79. — Section from an 
extirpated carcinoma of the pa- 
rotid of a 54-year-old woman, b, 
stroma; a, alveoli completely filled 
with epithelia. (Zeiss Apochr., 16; 
Comp. Ocul., 4. After Langer- 
bans.) 


that it is often possible positively to perceive the alveoli and the epi- 
thelia filling them, and thus to determine the carcinomatous structure, 
only after the most careful and exact microscopic examination. In 
medullary carcinoma, on the other hand, the alveolar structure 
may be so obscured — so slight in comparison to the width of the alveoli 
— that it is easily overlooked. Between these extremely cellular and 
very poorly cellular forms there are numberless transition forms, the 
alveoli being sometimes large or small, the stroma narrow or broad. 


^ In microscopic sections there is unquestionably a resemblance to filled 
alveoli: a section through the freely communicating alveoli of the lung causes 
^hesc to appear absolutely separated. From this resemblance to the pulmonaiy 
^‘veoJL the statement that carcinoma has an alveolar structure and that the alveoh 
are filled with groups of epithelial cells will readily be understood. 
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Here attention must be called to confusion of compact carcinoma 
cell-nests with surface section of glands, which occurs by section through 
the wall of a convolution of a duct, the lumen not being included in the 
section. Such diagonal sections are characterized by the fact that on 
transverse section the nuclei of the cells become smaller and smaller 
in the direction toward where they disappear, and, finally, only those 
parts of the cell are cut in which no nuclei are present. (See Fig. 80.) 

Oestreich has compared the development of carcinoma with the growth of 
the roots of a tree, extending in all directions from the surface downward, i.e., 
from the point of origin into the surrounding parts, especially into the deeper 
tissues. (See Fig. 81.) The growing epithelial masses resemble the roots: they are 



Fig. 80. — Slant section through a regular gland. Contrasted with atypical 
proliferated cells the nuclei grow steadily smaller toward c and b, and arc 
lost at a. The opposite gland wall is given as cut perpendicularly. (After 
Amann.) 

thicker or thinner, broader or narrower, branched or undivided. The soil between 
the roots corresponds with the tissue which has been penetrated by the epithelium. 
At one place the epithelial roots are close together; at another place they are 
farther apart. The relation of the roots to the soil, Le,, of the epithelial masses 
to the penetrated tissues, cannot always be recognized in microscopic sections, be- 
cause in the latter the divided epithelial roots appear distinctly separated. Section 
through epithelial roots and penetrated tissue severs the roots in very different 
directions: certain roots are cut across, others lengthwise, and others at the point 
of branching. Very diverse pictures are thus produced, which, however, correspond 
in so far as more or less closely arranged, but apparently isolated, epithelial roots 
can always be seen in the tissues. When tips of roots (epithelial bands or cords) 
are cut through, individual epithelial cells or small groups of them can be seen. 
The tissue into which the epithelium grows, penetrates, and destroys or causes to 
disappear is not always the same. In many cases it is connective tissue : then the 
interstitial tissue (stroma) of the carcinoma is connective tissue. In other cases 
the epithelium invades the musculature (c.p., muscularis of the stomach in gastric 
carcinoma) ,* then the stroma of the carcinoma is muscular in nature. Where the 
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tfnthelium grows between the liver-cells, the latter represent the stroma. The 
growth ol carcinomatous epithelium within the lungs— within the alveoli or lymph- 
vessels— occurs into the pre-existing spaces. 

The word carcinoma ( 6 icapKtW, crab) is derived from an external 
appearance — which is by no means constant — in that carcinoma of the 
female breast, which is often accompanied by cicatricial contraction, 
causes congestion of the cutaneous veins, so that the latter, strongly 
engorged, stand out prominently from the skin and run toward the 
region of the nipple. The appearance presented by the female breast 



Fig. 81. — On the right the roots of a tree. On the left a view of section 
through roots and soil in the direction a to b, (After OestreicK) 

as a result of this change has a remote resemblance to a boiled crab, 
and, owing to this resemblance, ancient physicians employed for this 
disease the designation crab (cancer). Since then this name has 
been retained, although at different times very different conditions were 
included under this term.^ At the present day is understood by car- 
cinoma an atypical epithelial growth which extends from the surface 
inward and forms for itself channels and routes at the points of least 
resistance. Therefore, strictly speaking, carcinoma does not consist of 
stroma and alveoli filled with epithelia, but of epithelial papillae which 
grow into the depth and there often form dendritic branchings. The 

word cancer is best regarded as the substantive which is equivalent 
to the adjective malignant, so that a malignant tumor of any sort, carcinomatous or 
otherwise, is a cancer. If we accept this, there is no longer any need of discussing 
the compass of the word cancer.”— Moxon. 
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alveoli are, therefore, not closed' spaces, but only diagonally or tran»* 
versely sectioned papillae; and the stroma is, in great part at least, the old 
tissue into which the epithelial papillae have grown. As the connective 
tissue of the stroma or of the structures adjacent to the carcinoma fre- 
quently proliferates, a portion, but not all, of the connective-tissue 
structure (stroma) of a carcinoma may be new formed.^ 

As regards etiology only three factors are definitely known, 
namely, heredity, advanced age (on an average from the 40th year 
onward), and irritation. The first consists probably only in an inherited 
disposition, a certain weakness or vulnerability of the tissues which, how- 
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Fig. 82. — Stroma of cancer, lying in which arc the alveoli, from which 
the epithelioid cells have been removed by pencilling. X 300. (After Cornil 
and Ranvier.) 

ever, does not of itself suffice for the development of carcinoma. 
Advanced age also can be considered only as a moment favoring car- 
cinomatous development, since not every elderly person is affected with 
carcinoma; on the contrary, young individuals also die from it. Ad- 
vanced age is, perhaps, of influence in the development of carcinoma, in 
so far as retrogression of many tissues begins at this period. The third 
point, namely, irritation, has been positively established, partly by dinicaf 
experience, and partly by histologic observation. Antecedent inflam- 
matory disturbances, ulcerative processes and cicatrices, continued and 
oft-repeated chemic and mechanic irritation of certain portions of the 

1 While in certain localities connective tissue as well as epithelium may he 
produced, and new blood-vessels may develop, the essential constituent chataeferia* 
mg the tumor is solely the epithelium growing unrestrictedly. Carcinonm* there- 
fore, must be designated as an epithelial growSi. 
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body» and traumatic influences are» in many cases, responsible for the 
irritative inception of carcinoma. It has repeatedly been observed 
that carcinoma develops in tissues which deviate in structure from the 
normal arrangement of the affected region of the body, or are incom- 
pletely developed or in a state of involution. For example, carcinoma 
develops from a cicatrix which is subjected to particularly marked irrita- 
tion; from an old ulcer of the leg or a chronic gastric ulcer; carcinoma 
of the lip, principally in habitual pipe-smokers (‘*clay-pipe or smokers' 
cancer”^); the so-called “chimney-sweepers' cancer" upon the scrotum 
of chimney-sweepers, and “paraffin-workers' cancer" upon the external 
skin of the forearm in paraffin workers, and the horny carcinoma after 
prolonged use of arsenic. In the intestinal tract the constricted portions 
— the naturally narrow parts — are the locations most frequently affected 
with carcinoma; these are just the regions in which the surface comes 
in close and intimate contact with the ingesta during function. Finally, 
the greatest percentage of all carcinomata is found in those parts of the 
female tody which most frequently are subjected to injury and irritation, 
namely, the breasts (milk-ducts) and the cervix of the uterus. 

Opposed to this irritation theory of the genesis of carcinoma, which 
is well supported by numerous facts and is essentially due to Virchow, 
are other theories, namely, Cohnheim's, according to which carcinomata 
develop from embryonic germs (inclusion tlieory) ; the parasitic theory, 
which, although generally abandoned, here and there still finds adherents, 
and other theories. At present the question seems to be whether, in 
the beginning of carcinoma development, proliferation of the epithelium 
or a change in the subepithclial structures {cutis, mucosa) is the pri- 
mary phenomenon. Here it is assumed that both parts in their intact 
state arc interdependent and mutually so influence each other that they 
inhibit proliferation. If, from any cause, this equilibrium is disturbed 
and the restraining influence of one tissue thus suspended, the other 
tissue begins to grow, and the above-described atypical epithelial pro- 
liferation may now take place. In order to elucidate this and other 
questions, many attempts have been made experimentally to produce 
carcinoma or to transplant human carcinoma into animals, but usually 
only with little or no success. In this regard there was published sev- 
eral years ago an experimental study (Borsch, of Vienna) which is of 
^^reat interest, in so far as it appeared to indicate that a way had been 
i^ound by which cutaneous carcinoma may with certainty be produced 
experimentally in animals. Borsch influenced productive processes 
^ wound healing, inflammation, etc.) by continued irritation of a physic 

^ In 54 ccmsecuttve cases of carcinoma of the lip observed by Bryant, 9 had 
^‘<^ver smoked. Pract. of Surg., Am, ed., 1881, p. 393. 

18 
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and chemic nature, and demonstrated that such long-continued irritation 
prevented their normal progress. Consequently, an increased and more 
rapid formation of cellular elements occurred, whereby the individual 
cells became more and more unstable. In this manner alterations corre- 
sponding to cutaneous carcinoma were obtained. Should these experi- 
ments be confirmed, a decided advance would be made in our knowledge 
of this subject, and, at the same time, a confirmation of Virchow’s irri- 
tation theory would be furnished. 

Almost all carcinomata, even the richly cellular, are characterized 
by a peculiar hardness; the more they approach the scirrhous form 
and the slower they grow, the harder they are. In almost all carci- 
nomata, with the exception of the true scirrhous forms, a milky sub- 
stance can be expressed from the cut surface by lateral pressure.^ This 
cancer milk consists principally of the epithelial cell-nests, which 



Fig. 83. — Cells from a scirrhus of the mamma. 

X 350. (After Green.) 

always are in a state of partial retrograde fatty metamorphosis. This 
is often so far advanced that the whole cellular content presents great 
resemblance to milk or colostrum. In this case it is often very difficult 
microscopicly to find well-preserved cells. This retrograde metamor- 
phosis, through which a portion of the carcinoma cells is destroyed, has 
been designated by Virchow as a kind of spontaneous cure which, how- 
ever, is of no significance for the carcinoma patient, because the further 
development of the carcinoma is not arrested by it. 

In the beginning, many carcinomata form only a simple swelling. 
If the affection progresses, certain differences appear which are of de- 
cided importance to the patient. Thus, in certain carcinomata the 
alveoli at the surface of the skin or mucous membranes disintegrate, 
chemic and physic influences acting from without (intestinal contents, 
external surfaces of the body, urinary passages, etc.), which cause 
the carcinoma nests to be discharged. In this manner a carcinomatous 
ulcer, ulcus carcinomatosum, often develops without the formation of 

^It 18 sometimes thick and on pressure exudes from the cut turfacc in 
vermicelli-like form. (See Epithelioma, p. 280.) 
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a genuine, distinctly recognizable tumor. Carcinomatous ulcer 
occurs principally in carcinomata of superficial parts; in many in- 
stances it can be differentiated from a simple ulcer only by microscopic 
examination, distinct carcinoma structure being recognizable only in the 
(sometimes thickened, tumor-like) margin and base of the ulcer. This 
ulcerative form of carcinoma is usually associated with profuse secre- 



Fig. 84.— Ulcus carcinomatosum ventriculi perforans colon tr^nsversum. 
The site of the carcinoma is the greater curvature. At p, the point of perfora- 
tion. % natural size. (After Langerhans.) 


tions, which, more than anything else, favor the development of carcinoma 
cachexia. As a rule, as a result of external influences which excite sup- 
puration or putrefaction, disintegration of the surface of the ulcer with 
mortification soon occurs, which transforms the carcinomatous ulcer 
into an ulcus putridum. Occasionally, however, the carcinomatous ulcer 
may be so cleansed of all carcinomatous masses that it appears as an 
ulcus depuratum. In such localities cicatrices arc formed, while new 



276 CARCINOMATA. 

carcinoma eruptions appear at other points and produce new destnio 
tion. With cicatrization there is always retraction, which, especially in 
canals, particularly in the esophagus, stomach, and intestine, may pror 
duce marked narrowing: stenosis carcinomatosa. More or less intense 
narrowing is often associated with even the first swelling and tumor 
formation. This is the case especially in the naturally narrow portions 
of the gastrointestinal tract : the esophagus, the cardia, the pylorus, etc. 

In contrast to the ulcerative form stands the true tumor 
form. In this condition disintegration of the surface is by no means 
excluded, but the formation of tumor is usually most prominent. 
These carcinomata also develop from the surface, but later extend chiefly 



P 

Fig. 85. — Same as Fig. 84; view from transverse colon at p, the point of 
perforation, natural size. (After Langerhans.) 

into the deeper parts, e.g,, into the subserosa. They have either a fun- 
gous form with broad base and overhanging margins or a nodular, 
lobulated, irregular surface. The conformation is in great part due to 
the development of new daughter-nodules in the neighborhood of the 
older tumor-nodules, as a result of which the tissues are pushed aside, 
undergo atrophy, and finally are replaced by carcinoma tissue. The 
daughter-nodules preserve for a time a certain independence and coalesce 
with the older parts of the tumor only on further progress of growth : 
growth per appositionem. These tumors generally form liver metos- 
tases, in which retrograde fatty metamorphosis always occurs, but never 
ulceration. 

A large number of carcinomata are characterized by their associa* 
tion with wart-like or papillary proliferations: carcinoma papitlare. 
The proliferated, enlarged papillae are sometiihes branched and then 
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form, long, villous excrescences: carcinoma vUlosum, “villous cancer” 
in the bladder). The surface thus acquires the appearance of a 
cauliflower: carcinoma caulifiorc. In all these papillary and villous 
forms of carcinoma the superficial excrescences do not consist of car- 
dnoma masses; they are pure inflammatory proliferations of the sur- 
face, such as occur also in ordinary 
warts, in condylomata, etc. The 
papillary growth is sometimes so 
abundant that the quite scanty car- 
cinoma tissue beneath the papilla 
and villi can be found only with 
difficulty. 

A third form in which carcinoma 
appears externally is smooth, 
atrophi c ; cancer atrophicus, 
retrahens — the scirrhous forni.^ It 
begins as a scarcely noticeable 
swelling, so that often only the un- 
usual hardness of the affected part 
arouses the suspicion of carcinoma. 

Extension takes place slowly in 
the form of diffuse infiltration as 
infiltrating, indurating 
carcinoma, and always results 
in very marked diminution in size 
of the affected parts by contraction 
of the new-formed connective tis- Fig. 86.— Gastric carcinoma in an 

sue {e,g., in the intestine), almost old woman. Fungous form. The scat 
never in ulceration. carcinoma is the posterior sur- 

According to the variety of epi- 

, the cardia and pylorus. At the lesser 
thehum which fills the so-called exunsion of the car- 

alveoH are differentiated: squa- cinoma into the submucosa. 
mous- celled carcinoma, natural size. (After langcrhans.) 


cylindric-celled carcino- 
ma, transitional-celled carcinoma, and glandular- 
celled carcinoma. These different forms depend upon the epi- 
thelium of those surfaces from which the carcinoma develops. Frequent 
deviations, however, occur, e.g,, squamous-celled carcinomata developing 
— sometimes even with hornification — from the gall-bladder or the bronchi, 
which are provided with cylindric epithelium. In these cases an epithe- 


t Scirrhus docs not occur in tumor form. 


278 


CARCINOMATA. 


Hal metaplasia (see p. 108) mpst have preceded the development of the 
carcinoma. Squamous-celled carcinomata sometimes develop from locali- 
ties which possess no epithelium,^ for example, from the tibia. A definite 
explanation for all these cases is at present impossible. It may, however, 
be supposed that displaced embryonal germs, or cells conveyed at a later 
period — ^after birth — by the blood-current or lymph-stream, may be the 
starting point of tumors. That displacement of cells does occur in the 
body is shown by the fact that decidual cells are always found in the 
pulmonary capillaries of women who have died shortly after labor, and 
also by the fact that liver-cells not infrequently can be found post mortem 
in the lungs of eclamptics. 



Fig. 87. — Seven isolated cells from an epithelioma of the parotid, a, an 
epithelial cell which, besides a nucleus, contains several homogeneous, spheric 
inclusions ; b, two ordinary epithelial cells ; c, two epithelial cells, one contain- 
ing several dark bodies ; d, a cell with large, clear space in which lie 4 glisten- 
ing bodies of various size ; e, large, flat cell with 13 nuclei and nucleoli. The 
lower edge of the cell is incurvated and somewhat folded. (Zeiss Apochr., 
4; Comp. OcuL, 4. After Longer bans,) 


Furthermore, it should be remembered that markedly polymorphous 
cells, in regard to which it is often impossible to decide from what kind 
of epithelium they were derived, are sometimes present in carcinomata. 
This is due to the fact that the epithelia exactly preserve and reproduce 
the typical, inherited form only so long as they remain under physiologic 
conditions in or upon the surface. As soon, however, as they proliferate 
atypically in the deeper tissues, they abandon their physiologic locality, 
and then all sorts of variations in size, form, and contents occur. This 
is due to the changed (pathologic) conditions under which the cells are 

1 When carcinoma develops in localities where normally epithelium is lacking, 
it should be borne in mind that epithelium may be included in regions where it 
does not belong as the result of faulty development during the embryonal period 
of life. For example, in the neck, carcinoma develops from rests of the branchial 
clefts (branchiogenous carcinomata). 
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placed, and often also to lack of space. The epithelia must accommo- 
date themselves to the given space and frequently change their form. It 
is for this reason that very multiformed and not infrequently quite small, 
poorly developed cells are so often found, of which it can only with 
difficulty or not at all be stated from what kind of epithelium they orig- 
inated. The more rapid the growth, ic., the larger the alveoli, the less 
typical are the epithelia within the alveoli. On the other hand, strik- 
ingly large cells sometimes occur, in that either segmentation of the 



Fig. 88. — Section from an epithelioma of the uterus, woman aged 49. In 
2 alveoli “cancer pearls” : a, alveoli ; b, stroma ; c, “cancer pearls.” (Zeiss 
Apochr., 4; Comp. Ocul., 4. After Langerhans.) 

nucleus does not follow division of the cells, or coalescence of cells 
(syncytium) or else inclusion of cells within cells takes place. The 
nuclei and nucleoli are often very large, much larger than in normal 
epithelium. The cells and nuclei frequently contain inclusions and partial 
cellular or nuclear degenerations, which often have been interpreted as 
parasites. 

Squamous-celled carcinoma develops from surfaces which are 
covered with squamous epithelium. A subdivision of this is epi- 
dcrmoidal carcinoma, cancroid epithelioma, in which 
the cells are characterized by a disposition to hornification. Epithe^ 
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lioma consists of very large alvepli which are filled with more or less 
hornified cells. These cells are arranged partly in lamellated, partly in 
concentric, layers as epithelial onions, epidermis spheres, 
or cancroid pearls. The lamellated layers frequently interlace 
in the form of intertwining, tortuous bands, so that microscopicly the 



Fig. 89. — Metastatic epitheliomatous nodules, a, b, c, removed from the 
cheek of a man aged 54 years. The largest nodule, a, is excavated by ulcera- 
tion. Natural size. (A her Langerhans.) 

cells are seen close together, now from the surface, now from the edge. 
In the latter case the lamellated structure is most distinctly recognizable. 
The concentricly lamellated epithelial pearls present in their peripheral 
portions a certain resemblance to the concentric lamellae of an onion. 



Fig. 90. — Ear lobe of a young woman with multiple pearl tumors im- 
mediately beneath the epidermis. The whole lobe is swollen and edematous. 
The three visible nodules, the largest of which is the size of a millet seed, 
have a whitish, glistening, porcelain-like appearance. (Natural size. After 
Langerhans.) 

Epithelioma is the common form of carcinoma of the skin 
and of mucous membranes covered with squamous epithelitun: 
of the lip, tongue, esophagus, vulva, vagina, cervix uteri, and penis* It 
occurs also, however, upon the mucous membrane surfaces which, like 
the bronchus and gall-bladder, are covered with cylindric epithelium, 
and in deep-seated parts: bones, glands, especially the salivary glauds^ 
etc. As a rule, ulceration occurs early. On lateral pressure womir-likc 


CAHaNOMATA. 


281 


masses (vermicelli, not cancer milk), which possess great similarity to 
the pap-like contents of atheroma, can be expressed from the cut surface. 

Carcinoma frequently develops upon the leg from a chronic ulcer 
of the leg {ulcus cruris) > These epitheliomata begin very slowly, 
are at first indistinguishable from the callous ulcer, gradually extend 
into the depth, and, finally, destroy the bone. They may persist for 
years without forming metastases. 

In chimney-sweepers cutaneous carcinomata frequently occur upon 
the scrotum, likewise in paraffin-workers; in the latter, however, also 
upon other parts of the skin, especially upon the forearm. 



Fig, 91. — Section from Fig. 90 (margaritoma auriculae). 1, external single 
layer of cells, consisting of large, clear cells ; 2, small, dark, cellular layer con- 
taining many fine droplets (eleidia or fat?) ; 3, broad layer of hornified epider- 
mis cells ; 4, dark, concentric, lamellated center ; surrounding adipose tissue. 
(Zeiss Apochr,, 16; Comp, OcuL, 4, After Langerhans.) 

Closely related to epithelioma is the pearl tumor {cholesteatoma, 
margaritoma) » This consists of hornified cells arranged in layers, like 
an onion, to form epidermis spheres, which frequently coalesce. Similar 
formations occur physiologicly in the nail-bed, on the toes, and in the 
hair-follicles. Pearl tumor often develops in localities where epider- 
moidal cells do not normally occur, c.g., in the arachnoid, in bone, and 
in the middle ear. In other localities {e,g,, the testes) it frequently 
occurs mixed with other tumors. Pearl tumor is usually imbedded in 
connective tissue, which sometimes has a fibrous character. In contra- 
clistinction. to epithelioma, pearl tumor never forms metastases. It grows 
by division of the cells and occurs in the arachnoid, brain, bones (most 
frequently in the petrous bone), testes, uterus, etc. It may become as 
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large as the fist or larger, and finally cause death by injury to vital 

organs, e.g., the brain. 

It is important to examine how far cholesteatoma is a true neoplasm and not 
simply an accumulation of squamous epithelium. 

Cholesteatoma of the middle ear is generally accompanied by chronic puru- 
lent inflammation of the middle ear and of the petrous portion of the temporal bone 
(caries). Squamous epithelium grows inward from the external auditory canal 



Fig. 92.— Squamous epithelioma of the lip, showing pearly body. 
X 250. {Gray,) 


through the perforated drum membrane into the usually considerably destroyed 
middle ear, causes epidermidization of the wound surface, and offers the basis for 
cholesteatoma of the ear. Every cholesteatoma of the car presents externally to the 
epithelia a so*callcd matrix — a kind of membrane which produces hornihed epithe- 
lium. This matrix, corresponding to the deeper layers of the epidermis, must have 
grown into the middle ear, and there, as in the external skin, it produces epithelia. 
The new-formed epithelium hornifies in the same manner as in the skin. Here, 
however, there is not, as upon the external skin, the same possibility of rapid 
elimination of the hornified masses; they accumulate in the middle car and, in 
accord with their mode of origin, very readily acquire a scaly or lamellated arrange- 
ment. In the same manner pearl-like epidermoidal masses develop in certain skin 
diseases, e,g,, elephantiasis, where retention of homihed epithelium occasionally 
occurs. It is, therefore, questionable whether cholesteatoma of the middle ear 
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should be regarded as a true neoplasm, i.e„ a tumor. The erosion of the bone 
caused by cholesteatoma of the ear is, perhaps, not the result of the cholesteatoma, 
but of the coexistent suppuration, in part also of simple pressure atrophy due to 
the increasing accumulation of epithelial masses. 

The conditions are entirely different in cholesteatoma of the arachnoid, 
which is observed especially at the base of the brain, but also, as already stated, in 
Other localities. Here nodules of pearl-like appearance develop; here also the 



Fig. 93. — Hornified squamous-celled carcinoma. (After Kaufmann,) 

growth is composed of hornified and fatty degenerated epidcrmoidal cells. The 
larger the tumor, the more the adjacent parts are compressed and diiiplaced. 

The existence of epidermoidal cells within the closed skull-cavity must be 
foreign. Here the process undoubtedly depends upon embryonal displacement of 
epithelial cells. This assumption of the origin is supported by the fact that not 
only epithelium, but also parts of the skin (hair, glands), are sometimes met with 
in this locality. The presence of epithelium (epidermis) alone produces an 
epidermoid; the presence of parts of the skin (derma) gives origin to a dermoid. 
At all events, arachnoidal cholesteatoma is a genuine tumor. After displacement of 
epithelium (epidermis) into the skull-cavity has occurred as a result of embryonal 
processes, proliferation of this tissue into a large tumor-like formation, which very 
markedly differs from the surrounding structures, sooner or later develops. 
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Cholesteatoma is a local growth and at most displaces and compresses the 
adjacent structures. When located wi^n the cranium, serious results may follow 
from compression. 

Cylindric-celled carcinoma contains in its alveoli partly typical 
cylindric epithelial cells, partly somewhat irregular, spindle-shaped, and 
caudate cells, and frequently also somewhat cubical forms. It occurs 



Fig. 94. — Adenocarcinoma of breast. X 250. 


wherever the mucous membrane is normally provided with cylindric 
epithelium, and with especial frequency in the digestive canal and in the 
body of the uterus. The consistency of this carcinoma is less hard than 
that of epithelioma, partly, indeed, quite soft. True tumor formation is 
less frequent than the ulcerative form. Carcinomatous stenoses fre- 
quently develop in the stomach and intestine. Large tumors possessing 
a certain resemblance to colloid carcinoma sometimes develop as a result 
of mucoid metamorphosis of the cylindric epithelia (goblet-cells). 

Glandular carcinoma {carcinoma glandulare, adenoc^tci- 
noma) presents manifold differences as regards the epithelia! ele- 
ments. Sometimes the epithelial cells resemble the Hver-^ells, sometimes 
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Ac glandular cells of Ae pancreas, etc. They develop principally from 
the glandular organs: stomach, mammary glands, pancreas, testes, 
ovaries, kidneys, prostate, etc., and usually have a tumor form. 

Transitional*celled carcinoma is provided with polymorphous 
transitional epithelia such as occur physiologicly in the urinary pas- 
sages. It occurs principally in localities where different forms of epi- 
thelia meet, e.g., at the portio x’oginalis uteri, where the epithelium of 
the cervix uteri joins that of the vagina. 

Especially worthy of consideration is CoUoid carcinoma (carci- 
noma gelatinosum, sew alveolar c), in so far as it, like epithelioma, is 


Fig. 9S. — Adenocarcinoma of the rectum, a, branched glandular tube with 
lamellated epithelial layer; b, tube with markedly proliferated epithelium and 
papillary elevations; c, ri, stroma; d, round-celled infiltration. X 80. (After 
Ziegler.) 

characterized by the large .size of the alveoli — which frequently can 
be recognized even with the naked eye — and by the contents of the 
alveoli, which consist partly of a colloid material, partly of cells. 
Sometimes only small gfroups of cells inclosed in an excess of colloid 
substance are seen on microscopic examination. The colloid material 
is to be interpreted as a kind of mucous tissue which belongs to the walls 
of the alveoli, ».<?., to the stroma. The colloid masses, therefore, are 
found principally between the stroma and the carcinoma cells, .sometimes 
also between the cells. When much connective tissue has already been 
transformed into colloid material, colloid carcinoma is conspicuously poor 
in cmmective-tissue stroma and blood-vessels. Consequently, hemor- 
rhagic products are altogether absent. In spite of the fact Aat Ae sur- 
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face is almost always ulcerated, there is no tendency to putrid decom- 
position and mortification, because the mucus possesses a very indolent 
character, forming, as it were, a protective covering. The unusual size 
of the alveoli is due in part to the frequent confluence of neighboring 
alveoli as the result of complete transformation of the stroma into mu- 
cous tissue. In addition, however, there are in every colloid carcinoma 
localities in which the ordinary character of the carcinoma can be seen. 



Fig. 96. — Colloid carcinoma. 
Fresh section. (Zeiss Apochr, 
4; Comp. Ocul., 4. After La»- 
gerhans.) 



Fig. 97. — Carcinoma gclatinosum. 
Fresh section. (Zeiss Apochr., 16; 
Comp. Ocul., 4. After Langerhans.) 


where epithelial groups are separated by the stroma. In these localities 
the mucous transformation of the stroma has not yet begun. Wherever 
this has already begun or is advanced, the epithelia, which may be de- 
rived from different varieties of epithelium, are usually already so far 
altered by retrograde change that the form can no longer be recognized* 
Colloid carcinomata usually form tumors and produce considerable 
swellings, but are relatively benign, since they remain stationary for a 
long period. Often they produce almost no symptoms for a long time. 
They occur chiefly in the large intestine (especially in the rectum), 
stomach, omentum, peritoneum, and lungs. In the stomach and intestine, 
they often produce serious symptoms of stenosis. 
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In general, carcinoma occurs oftener in the female than in the male. 
This is due principally to the frequency of disorders of the female sex- 
ual organs (uterus and mammae). In the scale of frequency the female 
sexual organs stand first^ ; then follow the stomach, the external skin, 
esophagus, colon, testes, the external genitals, prostate, urinary bladder, 
pancreas, thyroid, bile-ducts, lungs, bronchi, liver, etc. 

In contrast to primary carcinoma development stands sec- 
ondary, metastatic formation, in which the lymph-glands and 
the liver are most frequently affected, and next the lungs, the serous 
membranes, bones, etc. 



Fig. 98. — Colloid carcinoma of the pylorus. Marked contraction of the 
whole stomach, which is unopened. % natural size. Woman aged 77. 
(After Lartgerhans.) 

The primary tumor always forms a focus of infection from which 
new, secondary foci are derived. The malignancy of carcinoma 
consists (1) in contagion of the neighborhood, in the gradual transfor- 
mation of adjacent \)aris into carcinomatous tissue; (2) in ulceration 
with exhausting secretions from the ulcerating surface, and (3) in gen- 
eralization, t.c., carcinomatous involvement of distant parts, principally 
the internal organs. The fatal hemorrhages which sometimes occur 
usually take place not from veins, but from arteries, which ulcerate 
before an occluding thrombus has formed. The arteries are decidedly 
more resistant to carcinoma than are the veins; the arteries are gen- 
erally surrounded by carcinoma and may occupy the center of the tumor 
and still retain their function. On the other hand, veins are early in- 


t According to the statistics of Welch, based upon an analysis of 31,4B2 cases 
of jprimary carcinomata, the stomach was the seat of carcinoma in 21.4 per cent, 
and the uterus in 29,5 per cent. Pepper’s Syst. of Pract. Med., ii, p. 533. 
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volved by the tumor; the cafcihoma may even grow into the lumett 
without interrupting the blood-current, the carcinomatous masses thu^ 
coming into direct contact with the blood. As a rule, however, throm- 
bosis occurs quite early. 

Formation of secondary, new carcinoma-nodules takes place either 
in the immediate neighborhood of the old nodule: continuous 
extension (contagion), or in localities somewhat remote from 
the original nodule, intact tissue forming a more or less large inter- 
space: discontinuous extension, or in other organs at a 



Fig. 99. — Section from an enlarged axillary lymph-gland with beginning 
carcinoma development, a, germinal center of a lymph-node ; l\ lymph-chan- 
nels; c, artery; d, carcinoma cell-nests. X 60. (After Ziegler.) 


greater or lesser distance from the primary focus: true metasta- 
sis formation. Extension occurs, first, in the direction of 
the lymph-stream ( sometimes also in the opposite direction, ► when 
interruption of the stream has occurred), or by means of the 
blood-current, or by dissemination, i,e., in cavities of the 
body by gravitation of tumor-germs. The tumor-cells themselves are 
always to be regarded as the carriers of the infection, not only in dis- 
semination, but also in extension by the blood and the I)rmph-'Stream.^ 

^ The lymph-vessels are often completely occluded by carctnomatotss 
most frequently in the pleura pulmonalis, from the hilus in a direction aKHiw -A* 
current. 
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The great tendency of all carcinomata to early rccidive (recurrence) 
is in part explained by the fact that even after quite extensive opera- 
tion some remnants of germs of the tumor still remain. In all cases 
in which the neighboring lymph-glands become involved after operation, 
it may with certainty be assumed that metastases had taken place in the 
lymph-glands previous to operation. It is a striking fact that operative 
intervention sometimes induces a more rapid course, a more intense 
growth, and a more rapid formation of metastases, and, therefore, 
appears to increase the malignancy. 

Not all carcinomata are equally malignant. Epitheliomata may 
often persist for years without forming metastases, and are, therefore, 



Fig. 100. — Section from car- 
cinoma of tlie stomach, a, stroma; 
b, alveoli, the epithelia of which 
have undergone fatty metamor- 
phosis. (Zeiss Apochr., 4; Comp. 
Ocul., 4. After Langerhans.) 



Fig. 101.— Metastatic carci- 
noma of the liver with character- 
istic central umbilication. In the 
periphery of the large nodule are 
several small, young nodules. 
(Natural size. After Langer^- 
bans.) 


relatively benign tumors. In general, the succulent and richly cellular 
forms, which are characterized also by rapid local growth, usually form 
metastases earliest, while the more dry and poorly cellular forms gen- 
erally remain stationary for a considerable time. 

Carcinoma cells are much more perishable structures than most 
epithelial cells. As a rule, retrograde metamorphosis begins very early, 
most frequently fatty metamori^hosis, and less often caseation and calci- 
fication. The fatty metamorphosis facilitates absorption of the contents 
of the alveoli, a firm, cicatricial-like connective tissue finally taking the 
place of the carcinoma. In this manner partial spontaneous cure of 
carcinoma occurs, which is also manifest externally by cicatricial con- 
^i*action, $een most distinctly in metastatic carcinoma-nodules in the 
liver, which frequently have a central indentation upon the surface (the 
result of absorption of the older central parts). (See Fig. 101.) 

19 
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If calcifications occur in the stroma, quite analogous to the calci- 
fications in psammoma (see pp, 239 and 240), this form of carcinoma 
is designated as psammocarcinoma (in the ovary, peritoneum). 

The digestive apparatus manifests many points of predilection for 
the development of primary carcinomata, while secondary carcinomata 
are exceptional. Above the diaphragm chiefly epitheliomata are found; 
below it chiefly medullary carcinomata, and at the anus, again, chiefly 
epitheliomata. 

The stomach is most frequently affected^ ; then the esophagus, 
rectum, and oral region. In the latter, the lower lip and the margin 
of the tongue especially are the seat of epitheliomata. In both, the 
ulcerative character predominates ; both usually begin as a firm, slightly 
elevated carcinomatous infiltration; from this a crater-like ulcer or 
cavity develops as a result of rupture of the carcinoma alveoli and 
expulsion of their epithelial contents. The tongue may thus appear to 
have sunken in on the affected side. 

Carcinomata of the pharynx are of the squamous-celled type. 
They usually form nodular swellings in the throat, and may, mechanicly, 
compress the esophagus and larynx to a considerable degree. 

In the esophagus there are three points of predilection: — 

1. Isthmus of the esophagus between the cricoid cartilage and spinal 
column. 

2. Point of crossing with the left bronchus. 

3. Hiatus oesophageus of the diaphragm. 

Esophageal carcinoma occurs most frequently at the point of 
crossing with the left bronchus. Almost all esophageal carcinomata are 
epitheliomata. 

Esophageal carcinoma develops as a small, round, flat swelling with 
smooth or villous surface. By disintegration of the surface the alveoli 
open and their thread- or vermicelli- like contents are expelled ; an ulcer 
with uneven, nodular, partly villous surface: ulcus vcrrucosum, is thus 
produced, which has a tendency to extend in girdle form and produce 
an annular ulcer. After a time the carcinoma papillae and subsequently 
the ulcerative process gradually attack the muscularis and the deeper 
coats or adjacent structures. Esophageal carcinomata very seldom re- 
main unobserved for any length of time. As a rule, disturbance of 
deglutition takes place at an early period and often increases until com- 
plete stenosis occurs, rendering it impossible to nourish the patient per 
os; not infrequently a gastric fistula must be established (by gastros- 
tomy) if death does not supervene before this time. 


1 Sec footnote, p. 287. 
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As a result of contact of the ulcerated surface with the ingesta, 
decompositions are produced, which frequently transform the carcino- 
matous ulcer into a discolored, foul, putrid ulcer. After complete infil- 
tration of the esophagus, the affection invades the neighboring organs 
and destroys either the bronchi (aspiration of ingesta and gangrenous 
pneumonia) or a large vessel (fatal hemorrhage) or the pericardium 
or costal pleura (pericarditis, pleuritis with fulminating, lethal course). 
Metastases develop early in the nearest tracheal and mediastinal lymph- 
glands. Sometimes the epigastric lymph-glands also are involved and 



Fig. 102. — Carcinomatous 
ulcer of the esophagus, with- 
out stenosis, at the point of 
crossing of the left bronchus. 

left bronchus. (J4 natural 
size. After Ijangerhans,) 



Fig. 103. — Carcinoma of the 
lesser curvature of the stomach, 
without ulceration, r, carcinoma; 
p, pylorus. (K’ natural size. 
After Laugerhans.) 


transformed into tumors the size of a hazelnut, walnut, or small apple. 
These soon become adherent to the stomach, invade its walls, and, 
finally, produce gastric metastases. In such cases a decision as to which 
was the primary tumor is possible only by microscopic examination, 
by determination of the character of the epithelium. 

Carcinomata of the stomach start from the mucous membrane, 
even though, as frequently is the case, they advance more rapidly in 
the submucosa than in the mucosa itself. They are most commonly 
located at the pyloric or the cardiac end of the stomach,^ but they occur 


^ Of 2214 cases of gastric carcinoma analyzed by Welch (he. cit.)y 60.8 per 
cent, were in the pyloric region. 
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also upon the anterior and posterior surface (here, at least, in the be- 
ginning, frequently in fungous form), and at the greater and Icssw 
curvature. Carcinoma of the pylorus very soon produces stenosis, which 
results in marked disturbances, such as retention of the ingesta in the 
stomach, acid decomposition and gas formation, and hemorrhages and 
catarrhal inflammation of the remaining gastric mucous membrane 
(clinicly: phenomenon of stenosis formation with vomiting 
of coffee-ground-like, hemorrhagic matter). In carcinoma of the car- 
dia retention of ingesta in the stomach with its sequelae is lacking; 



Fig. 104. — Adenocarcinoma of the stomach in stage of development, a, 
mucosa; b, muscularis mucosae; c, submucosa; d, muscularis; e, serosa; /, g, 
adenocarcinoma. X 16. (After Ziegler.) 


nevertheless, decompositions occur. Carcinomata of the surface of the 
stomach may often remain latent for a long time without causing vom- 
iting or pain. These gastric carcinomata sometimes belong to the ulcer- 
ative, sometimes to the tumor, form. In the medullary tumor, villous- 
formed excrescences, which are very vascular and frequently give rise 
to hemorrhages, sometimes grow from the mucous membrane:' carci- 
noma villosum cauliflore. On disintegration of carcinoma masses in the 
stomach, such deep ulceration may occur that adjacent organs {c.g; 
liver, pancreas, spleen, lymphatic glands, omentum, colon: see Fig* 
85), likewise becoming affected by contiguity, are also involved in the 
ulcerative process, and form the floor of the ulcer. In scirrhous 
carcinoma the whole stomach may be greatly decreased in size and also 
very decidedly shortened at the curvatures, without a true tumor dr 
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ulcer being anywhere demonstrable. The mucous membr&ne is then 
atroid^, ostudly presents slaty pigmentation, and is often so firm that 
the wall is almost rigid. The musculature is often reticulated, because 
the cardoomatous proliferation infiltrates the musculature along the 
course of the blood-vessels. In all cases in which the passage is ob- 
structed by gastric carcinomata (stenosis carcinomatosa), the muscularis 
is usually greatly hypertrophied, often from 4 to 5 mm. in thickness. 



Big. 105. — Bean-sized adenocarcinoma of the breast in stage of develop- 
ment. a, normal gland tissue ; b, atypic glandular proliferation. X 100. 
(After Ziegler.) 


The epithelium of gastric carcinoma is either cylindric, cubic or 
quite small and uncharacteristic in form. In the first case it may be 
assumed that the carcinoma originated from the superficial layers; in 
the second case from the true cubic peptic epithelium (i.e., from the 
lower portion of the glands), and in the third from the middle layers 
with transitional forms. 

Colloid carcinoina is generally situated at the pylorus, where it 
causes dedded swelling of the whole stomach wall (see Fig. ^), so 
that, finally, the individual gastric coats can no longer be differentiated. 
It produces ^mptoms of stenosis, and frequently is ulcerated upon the 
surface. 
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Gastric carcinomata soon produce metastases in the liver and lym-^ 

phatic glands, first in the epigastric glands,^ later in those along the 
course of the thoracic duct, until, finally, individual lymph-glands, which 
have undergone carcinomatous change, can easily be palpated in the left 
supraclavicular region. Perforation of the stomach wall and fatal 
perforative peritonitis occasionally occur in gastric carcinoma, especially 



Fig. 106. — A breast in section; it 
contains an endothelioma (perithe- 
lioma). The nipple is unaffected. 
(After Bland-Sutton.) 



Fig. 107. — A breast with its nip- 
ple in section from a case of duct 
cancer. The nipple is inverted. 
(After Bland-Sutton.) 


as a result of putrid decomposition with mortification, provided the 
point of perforation does not previously become adherent to adjacent 
parts by an adhesive inflammation. 

Carcinoma of the rectum is usually a colloid carcinoma, seldom 


1 According to the statistics of Welch (loc, cit,), in 1574 cases of gastric car- 
cinomata with metastases, the latter occurred in the lymph-glands in 35 per cent. ; 
liver, 30 per cent.; peritoneum or intestine, 23 per cent; pancreas, 8 per cent; 
ideura and lung, 6 per cent. ; spleen, 2 per cent. In 2214 cases of gastric carcinoma 
me ratio was S males to 4 females. 
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a melanotic tumor. As a rule, it produces decided stenosis. Colloid 
cardnctfna also usually remains stationary for a long time, and slowly 
involves adjacent parts, especially the bladder. It manifests very little 
tendency to form metastases. 

Carcinomata of the small intestine are cylindric epithelial-celled 
carcinomata, and frequently of colloid type. They cause stenosis, extend 
to adjacent parts, and cause partial or general peritonitis. 

Carcinomata of the milk glands (breast) are partly glandular, 



Fig. 108. — Papillary cystocarcinoma of the breast with myxomatous degen- 
erated papillae, a, connective-tissue stroma; b, myxomatous degenerated 
papillae; c, proliferated multilamellated epithelium. X 80. (After Ziegler J) 


partly cutaneous. Both cause early metastases in the axillary glands, 
and often very soon extend to the other mamma. They produce metas- 
tases in the pleurae, lungs, and liver, sometimes in all organs, and even 
in the bones. While the carcinomata starting from the skin are so-called 
epitheliomata, the glandular carcinomata generally have cubic, less often 
cylindric, epithelium. 

Colloid carcinoma (r. gclatinosum) of the breast is rare,^ and is 
observed chiefly in elderly individuals.^ The growth may be very slow. 
It occurs in an infiltrating and tuberous form, and in the latter instance 

1 According to Lang, in 1814 mammary carcinomata, the colloid form occurred 
in 17 cases : per cent. 

^ In 5 cases observed by Kaufmann, the ages ranged from 48 to 82 years. 
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produces a rounded or disced nodule intimately omuiected the 

Starroandiiif tissue, frck the periphery of which snmll, round nodules 

often develop. Incision shows a reticulated, honeycomb-like straeture 
filled with a transparent colloid substance, rarely a pap^like granulaf 
material. The colloid material may be grayish white, yellowish, brown- 
ish, cranberry-jelly-like, or bloody-mottled, and sometimes resembles that 
observed in a strumous thyroid gland. Cases also are observed in which. 



Fig, 109, — A cancerous breast in section, showing retraction of the nipple. 
(After Bland-Sutton.) 


in addition to an ordinary glassy, pale-gray scirrhus of slight extent, 
an ovoid nodule protrudes from the surface of the mamma. The axil- 
lary glands, which long remain uninvolved, may sometimes present the 
characters of an ordinary richly cellular carcinoma with no trace of 
colloid metamorphosis; in other cases the metastases in this loicality 
also are colloid. If operated upon early, the prognosis is relatively 
good; in neglected cases, however, ulceration and formation of 
distant metastases occur. 

Paget’s disease; carcuioiiistotts ecsms of the hfesst— 

In 1870 Paget described certain forms of eczema of the female mj^le 
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and .whi^ manifested a chronic character and finally devd(^ 
into cwdnoma in every way resembling, in the involvement of the lym- 
phatic glands, reodivcs, etc., carcinoma of the breast. It is now known 
that this process is, from the beginning, a carcinoma developing from 
the glandular epithelia of the milk-ducts. The carcinoma cells advance 
to the epidermis, which they so alter as to produce the clinic features 
of ecaema, i.e., the eczema is a secondary phenomenon. 

With few exceptions, carcinomata of the uterus develop in the 

portio .vagimlis uteri, at the site of transitional epithelium. They are 



Fig. 110. — Carcinomatous ulcer of the body of the uterus. natural 
size. (After Langerhans.) 

principally epitheliomata and carcinomata composed of transitional epi- 
thelium, less frequently cylindric epithelial-celled carcinomata. They 
are often associated with marked villous, papillary, and cauliflower-like, 
richly vascular excrescences of the surface. Tlierefore, they easily give 
rise to profuse hemorrhages, ulcerate early, and rapidly undergo putrid 
decomposition. They extend gradually downward to the vagina and 
upward to the body of the uterus; sometimes very early involve the 
deeper structures, and then produce communication of the urinary and 
genital tracts (vesicovaginal fistula), less frequently rectovaginal fistula. 
Whai the carcinoma extends to the perftoneum, perforation and putrid 
perit<mitis nay occur, though rarely. On the other hand, the ligamenta 
lata are usually soon involved, and often to such a degree that the true 
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pelvis appears to be almost filled with tumor masses. The iliac aiid 
inguinal lymph-glands are the first to become involved. Liver metastases 
are rare. 

Carcinoma of the body of the uterus is very much less frequent " 
than carcinoma of the cervix. Carcinoma of the body of the uterus 
is usually a cylindric epitlielial-celled carcinoma which results in the 
formation of large tumors, while carcinomata of the cervix progress 
essentially under the form of putrid ulceration. 



Fig, 111. — Epithelioma of vagina. 


Carcinomata of the vagina are rare. They are at first dense, 
hemispheric growths with villous surface. Disintegration soon occurs. 
They are squamous-celled carcinomata (epitheliomata). 

In the ovary cystomata {q>v.) predominate, in which transition 
from cystoma into carcinoma or from carcinoma into cystoma {carci- 
noma cysticum) is frequently observed. Pure carcinomata, however, 
particularly colloid carcinoma, also develop from the ovaries, and, fur- 
thermore, medullary carcinoma and other forms which approach the 
scirrhous type. Calcifications sometimes occur in the strdma, as in 
psammoma : psammocarcinoma. 

Carcinomata of tho bladder are often characterized by the enor- 
mous size of the villous proliferations, while only little cardttoinatous 
tissue is present in the bladder wall. They belong to the benign cat- 
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diKMnata, in so far as they remain stationary for years without forming 
metastases. An especial type of carcinomata are those which infiltrate 

the whole bladder and greatly thicken and enlarge it without manifest- 
ing any particular tendency to undergo ulceration. These also are 





squamous epithelial-celled carcinomata, not scirrhous. There is no tend- 
ency to cicatrization, but in the infiltrating form this carcinoma is nearly 
related to scirrhous. 

Soft (cylindric epithelium) and hard (scirrhous) carcinomata and 
villous and colloid carcinomata develop from the gall-bladder and the 
large bile->ducts. Gall-stones are frequently found in the gall-blad- 
der, but these cannot be considered as the cause of the carcinomatous 
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develoimieiit These carcinomata generally extend to the inlands at the 

hilus and to the liver itself. Severe, green icterus is usually pnssoit 

As a rule, carcinomata of the pancreas and salivary glands (carr 
cinoma glandular e) are quite hard. In the pancreas they begin most 
frequently in the head, seldom in the middle portion or in the tail, and 
generally produce severe icterus through biliary engorgement, in that 
they involve the ductus choledochus or surround or compress it. Pan«* 
creatic carcinomata sometimes extend also to the stomach, and frequently 

to the liver. ' 

Carcinoma of the lar3nix develops chiefly from localities covered 
with squamous epithelium, especially from the vocal cords. It forms 
at first a somewhat flat swelling, jater a coarsely nodulated tumor. It 
is sometimes accompanied by intense papillary proliferation of the sur- 
face, and soon undergoes disintegration. It early causes difficulty in res- 
piration, and bronchopneumonia and pulmonary gangrene later follow 
as a result of aspiration, Metastases occur principally in the adjacent 
lymphatic glands. 

Carcinoma of the trachea develops from the retrotracheal mucous 
glands. Bronchial carcinoma arises from the superficial epi- 
thelium or from the epithelium of the glands of the bronchial mucous 
membrane. Bronchial carcinoma is strikingly often a squamous-celled 
carcinoma (epithelioma), and usually extends to the lungs, first follow- 
ing the lymph-channels in the connective tissue ; later, however, involv- 
ing also the true lung parenchyma. The bronchial glands are always 
involved and often also other organs. 

Carcinomata of the lungs are composed of either squamous or 
cylindric epithelium. Metastatic carcinoma of the lung is quite frequent. 
The primary forms usually start from the bronchial epithelium, though 
they may originate from the epithelium of the excretory ducts of the 
mucous glands. Myxadenocarcinoma, or complex form, also is observed. 
It is a remarkable fact that the focus from which the carcinoma origihated 
is not, or, at least, only rarely, found at necropsy. At first glance such a 
lung appears almost as if it were hepatized. Usually, however, it ha$ a 
peculiar pale, marrow-like consistency, which is not observed in pneu- 
monia. Often only the pulmonary alveoli are filled with epitheIia,*so that 
a certain similarity to catarrhal pneumonia is observed even on micro- 
scopic examination. The bronchial glands always show the typical 
structure of carcinoma, namely, alveoli filled with epithelia. 

Carcinoma of the kidney is quite rare. The growth is usually 
soft, rarely hard. The former may produce large tumors, but manifests 
only a slight tendency to form metastases. Extension does not take 
place until the renal capsule is destroyed by the carcinomatous process* 
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The testide is tiie scat of soft, quite large carcinomatofls tumots, 
which occasionally involve the scrotum and then ulcerate. The cut 

surface is usually pale and marrow-like. Mixed tumors are much more 
frequent. 

Next to the lymph-glands, the liver is the most frequent seat 
of carcinoma metastases. Sometimes, however, primary carcinq- 
mata develop from the liver, either in the form of one or several nod- 



Fig. 114. — Metastatic lymph-vessel carcinoma of the periarterial and peri- 
bronchial lymph-vessels of the lung after carcinoma of the stomach, a, 
artciy ; b, bronchus ; c, periarterial and peribronchial lymph-vessels filled with 
carcinoma cells and lymph; d, lung-tissue with desquamated epkhelia and 
leucocytes in the alveoli. X 25. (After Ziegler,) 

ules or as a diffuse carcinomatous degeneration. In addition, there is 
a third form which progresses essentially in the portal connective tissue 
and starts from the bile-ducts. This last form is composed of cylindric 
epithelial cells, while in the two other forms the carcinoma-cells are 
very closely related to, the liver-cells, manifesting only a sli^^t difference 
in size. Wtii the exception of the first form, severe icterus usually 
coexists. 
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Carcinomata of bone vary greatly in their occurrence, course, and 
the character of the epithelium (cylindric and squamous epithelium). 
As a rule, they are not very large tumors, but they are relatively fre- 
quently the cause of spontaneous fractures. In other cases enormous 
numbers of nodules, which are but slightly elevated above the surround- 
ing parts and have a grayish-translucent or yellow-gray-brownish ap- 
pearance, are found in all the bones — ^in the spongiosa, the marrow, and 
in the compact bone. In these cases no primary tumor can, as a rule, 



Fig. 115. — Bone resorption and apposition in the vicinity of a metastatic 
carcinoma rtodule in the diaphysis of the humerus, a, corticatis humeri; h, 
normal Haversian canals ; c, dilated Haversian canals with wide blood-vessels ; 
d, osteoblasts; e, osteoclasts and Howship’s lacunae; f, carcinoma papillse; g, 
Stroma of the carcinoma. X SO. (After Ziegler.) 

be found. Sometimes a scarcely visible carcinoma of the prostate is the 
primary tumor. 

Carcinoma of the prostate is more frequently composed of cylindric 
epithelial cells than of cubic epithelial elements, and sometimes forms 
tumors as large as an apple. It may ulcerate into the urethra, and extend 
to the neck of the bladder and seminal vesicles. Prostatic carcinomata 
attack principally middle-aged adults, but they are observed also in old 
age. 

Carcinomata of the Ithyroid are most frequently composed of 
cubic epithelium, rarer of cylindric epithelium, ^th forms ate soft, 
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very malignant, and soon produce metastases. The first form often 
undergoes partial colloid degeneration. 

Primary carcinomata and carcinoma metastases occur in the seroas 
lll 611 lhfBlie 8 , and more frequently in the^ peritoneum than in the pleurae. 
Violent inflammation of the serous membrane accompanied by effusion 
and extravasation generally takes place: peritonitis and pleuritis card- 
nomatosa hcemorrhagica. Primary colloid carcinoma with cylindric epi- 
thelium is rarely observed in the peritoneum, and is probably dependent 
upon inclusion of portions of the embryonic intestine during the devel- 
opmental period, or upon a psammocarcinoma. 



Fig. 116. — Endothelioma of the dura mater, a, connective-tissue stroma; 
h, small-celled foci; c, foci of cells produced from proliferation of lymph- 
vessel endothelia; d, endothelial cell strands with lumen; e, focus of fatty 
degeneration in an endothelial cell strand; /, cell strand which at the right 
side gradually merges with the adjacent connective tissue. X 25. (After 
Ziegler,) 


So-called endothelial carcinomata — ^better, eQdothdiomata — in 
which not epithelia, but endothelia, of lymph-vessels are grouped in 
alveolar spaces, are also observed in the peritoneum and pleura. These 
cellular masses are due to proliferation of the endothelia of the lymph- 
vessels and lymph-spaces. The endothelial proliferation is not always 
confined to the spaces, but often diffusely invades and infiltrates adjacent 
parts. For this reason these tumors are frequently designated as en- 
dothelial sarcomata. Since, however, these endotheliomatous 
growths manifest characteristic differences as compared with carci- 
noma as well as sarcoma, it is better to designate them as endothelio- 
mata. These tumors form flat, diffuse, or more granular, sometimes 
nodular swellings, which arc, in general, benign. Tliey remain station- 
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SLty for a long time, but recur in loco, sometimes repeatedly, and, Anally, 
also form metastases. Besides the peritoneun^ and pleurae, where they 
are most frequently observed, these endothelial tumors occur aiso in 
the salivary glands (parotid), skin, mucous membranes, e.g., in the larynx 
(the author repeatedly examined such a tumor, which recurred every 
year, each time rendering surgical intervention necessary) ; in ^the 
meninges, the mammae, and in other localities. According to the obser- 
vations at hand, it may be assumed that these endotheliomata sometimes 
undergo genuine sarcomatous and carcinomatous degeneration. 

Histologicly, endotheliomata belong to the connect! ve^tissue formations. 
They develop particularly from endothelia of the lymph-vessels and lymph-spaces 
of the connective tissue, and occasionally also from endothelia of the blood-vessels 
as well as from the so-called perithelia, i.e„ cells of the adventitia capillaris, which 
rest upon the adventitia of many blood-vessels. According to Volkmann, the cells 
of serous surfaces also belong to the endothelia. Endotheliomata may originate in 
all localities in which endothelium exists. The term perithelium is applied in a 
restricted sense to cells of perivascular sheaths which occur only in certain organs 
(brain, testes, etc.), and more broadly to the outermost layers of Rat adventitial 
cells. (See Fig. 116.) The rare endotheliomata originating from the endothelia of 
the blood-vessels are designated as intrsvesculsr endotheliomata (angiosar- 
coma, or intravascular or endothelioid hemangiosarcoma, or hemangio- 
endothelioma) ; those derived from the perithelia are called perltheliomata or 
perivascular hemangiosarcomata. (See Fig. 118.) 

Endotheliomata originating from lymph- vessels upon the surface of large 
serous cavities (e.g., pleura and peHtoiieum), which may invade neighboring 
cavities and also form metastases, formerly were incorrectly designated as **endo- 
thelial carcinomata.** Microscopicly, these tumors (called also mesothelioma) 
consist partly of gland-like tubules and sometimes wide, irregular cavities; 
partly of solid papillae, bands, and complexes of large, closely arranged polymorphous 
cells, among which giant cells also are observed, presenting a structure resembling 
adenomata and carcinomata (squamous celled). If the tumors extend into the tissue- 
spaces and l 3 rmph-spaces, the endothelia of the latter are, as a rule, no longer 
recognizable. By some authorities it is assumed that they are immediately involved 
in the tumor formation (so-called regional infection ) ; by others that, owing to 
contact with the neoplasm cells, they simply swell, but as a result of this they are 
no longer distinguishable from the tumor elements. Occasionally, however, the 
autochthonous endothelia can be distinguished from the invading elements. 

In the dura mater endotheliomata frequently are observed in which flati 
round, or polygonal endothelial cells, arranged in small strands, lie withm large 
or small meshes of abundant, richly vascular connective tissue. The cell groups 
and fibrous bundles intimately interlace. Both these tissues originate from pre- 
formed constituents of the dura mater. If in the growth of the tumor these two 
tissues are equally represented, a fibrooudothelioma results ; if groups of endo- 
thelial cells predominate, an alvoolar eadotlieliofiia is produced, which differs 
from carcinoma by the intimate connection of the alveolar contents with fhe 
alveolar wall. In the tumors with flat cells, the cells may here and there be cou- 
centficly arranged, or the cell groups appear to be turned around their long axia» 
presenting on cross-section onion-like structures. SofU^imes thick» briCKdwd 
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jpNaipillie«^coinpo8«d of compactly iifranged lamellated endothelia, alad dW^Ofi/ 

^,£^n present cleft>like lumi|ia. In the interior of the papillae are fotmd grani^ir 
lesnlting from iatty degeneration, which are not tinged with nuclear stains. 
The papillse lie in a fibrous stroma against 'which, however, they are not everywhere 
sharply demarcated; here and there transitions of the cells are seen at the junction 
the fibrous tissue. Nevertheless, the tumor microscopicly presents a dertain 
resemblance to squamous-celled carcinoma, especially because of the occurrence oi 
concentricly lamellated endothelial pearls. 

^ ^ Endotbeliomata of the salivary glands especially of the parotid and 
dUbmaxiUary, originate from tissue-spaces lined with endothelia. The cells form 
groups* or bands separated by fasciculi of connective tissue. Within the inter- 
fascicular cell groups there frequently occur spheric, papilliform, and cylindric 
hyaline (or colloid) masses, which arc regarded as secretory products of the' cells. 





Fig. 117. — Endothelioma of the pleura, a, proliferated, thickened pleura 
tissue; b, cell strands. X 100. (After Ziegler.) 


Adenoid tubular formations apparently filled with secretion thus develop in which 
the cells may be arranged in cubic, cylindric, or radiate order. Hyaline masses are 
often found also in the connective-tissue stroma, i.r,, outside the cell bands, and 
sometimes wide lyniph-spaccs arc observed. These endothelial proliferaticShs are 
often observed in mixed tumors of the parotid. This tumor, • called hyaline” 
endothelioma, interfascicular endothelioma, cylindroma, etc., is designated 
by some authorities as sarcoma {angiosarcoma endothelioidcs, tubular sarcoma). 
Kaufmann regards as appropriate the designation endothelioma lymphangiomaiosum 
eytmdromaiodes. The formation of the haline cylindric inclusions is so strilolig 
as to suggest its recognition in the nomenclature. Designation of the tumor sittiply 
as '^cylindroma’' is inadmissible, since sarcomata originating from blood-vesse^ 
contain hyaline, cyltnder-like formations, and similar structures may occur also in 
carcinoma. 

Endothcliomata presenting the structure described under endothelioma of the 
dura mater are of rare occurrence in other localities, e.g., upon the face, in the 
regtofi of the eye (orbit) and nose. Endotbeliomata of the palate are relatively 
and manifest a marked tendency to undergo hyaline or mucoid degenera- 
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tioa of the cell! as well as of the stroma. Oinicly, they are .generally benign, form 
no metastases, and do not recur after extirpation. 

The rare alveolar endotheliomata of the lymph-glands sometimes 
resemble carcinomatous infiltration. This form of tumor has been designated also 
as sarcoma alveolar e e/iithelioides. 

Endotheliomata of the pleura are rare and usually originate from endo- 
thelia of the lymph-vessels and lymph-spaces, in some instances probably also from 
the superficial cells of the pleura. They develop in the form of a dififuse, hard 
infiltration, or as soft nodules and knobs or condyloiiiatoid excrescences, which here 
and there are covered with a layer of fibrin and blood-coagula. When they are 
small, they greatly resemble tubercles. Metastases occur by way of the blood- 
channels, and secondary nodules may develop at points of exploratory puncture. 



Fig. 118. — Perithelioma of choroid and ciliary body, VV alls of blood-vessels 
formed of columnar cells radiately surrounding the lumen. 

Carotid Tumors. — The carotid body, which is inconstantly present, is not 
infrequently the site of tumor formation. It is a structure 5 mm. long, 3 mm. 
wide, and 2.5 mm. thick, situated in the bifurcation of the common caroti^ artery. 
According to some authorities, it is derived from the sympathetic chromaffin system 
anlage which buds off from the central nervous system ; others derive the chromaffin 
elements from the nerve anlage which passes from the upper cervical sympathetic 
ganglion between the two carotids. In structure the tumors originating from this 
body are more closely allied to the endotheliomata than to any other class. In the 
early stages they are encapsulated, benign, slow growths, but they may later grow 
rapidly and assume malignant characteristics, occaisionally with the formation of 
metastases. In the early periods the tumor is from the size of a robin's egg to one 
that is just palpable, situated beneath the sternocleidomastoid or its anterior mar- 
gin, on a level with die upper border of the thyroid cartilage. As the tmnor pro^ 
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gft9ses» more and more structures are involved. The sexes are dually affected* 
chiefly between the ageis of 20 to 30 years, at which time the gland cither atrophies or 
goes on to tumor formation. Growths have been known to develop, however, as 
late as the sixtieth year.i 

ADENOMA AND ADENOCARCINOMA. 

Local hyperplasias of the mucous membrane in the form of larger 
or smaller sessile swellings or pedunculatcfl polypi are often observed 
upon the surfaces of mucous membranes. In these areas an excess of 
growth has occurred which, aside from the local enlargement, presents 



Fig. 119. — Tubular adenoma of the stomach in atrophic mucosa, a, 
atrophic mucosa; t?, muscularis; r, submucosa; d, muscularis; c, serosa; 
adenoma. X 16. (After Ziegler.) 


nothing pathologic. These formations, in which all constituents have 
proportionately increased, are best designated as local hyperplasias of 
the mucous membrane. Entirely analogous hyperplasias are seen in the 
liver in the form of pea- to hazelnut- sized nodules. (See Fig. 121.) 
These formations not infrequently manifest a tendency, with advancing 
growth, to extend also to other tissues. ( See Fig. 120.) Growing into and 
destroying these, the proliferating parts assume characters of malignant 
tumors: adenoma destmens. They are then no longer benign local hy- 

^ ^For detailed description of these tumors, with literature, sec J. G. Callison, 
Ann. of Surg., Dec., 1913, p. 741. 
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perpli%}as, .but in malignancy resemble the carcinomata, for as soon 9ii 
they once manifest the tendency to involve other^parts metastasis in 
adjacent and distant structures tnay also occur. Eyen in these cases the 
anatomic arrangement may be unaltered; by the aid of the microscope 
portions of mucous membrane can be seen which, apparently, are nor- 
mal in structure, but which differ from the normal by the excessive 
development. These malignant tumors, which, in spite of their appar- 
ently harmless structure (in that they preserve and reproduce the simple 



Fig. 120. — Adenocarcinoma of the stomach (schematic), a, mucosa; b, sub- 
mucosa; c, muscularis; d, serosa; c, neoplasm. X 25. (After Ziegler.) 

glandular character), behave decidedly different from the local hyper- 
plasias of the mucous mcmljrane, are best designated as adeno- 
mata. These closely resemble carcinomata uoi only in their often 
very great malignancy, but they also frequently manifest the characters 
of transition to carcinoma. So long as the process is characterized by 
one layer or several layers of orderly arranged epithdium upon a tunica 
propria and by di.stinct lumina. a pure adenoma exists, providt^d this 
tumor manifests malignant characters. As soon, however, as transition 
to carcinoma — i,c., the formation of alveoli completely filSa with 
irregularly arranged epithelia — is noted in this tumor, the process is, 
in every instance, a transitional or mixed tumor — an «adenocar- 
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Cl noma. Adenotgata, as well as adenocarcinomata with cylindric or 
cubic epithelium, develop from the gastrointestinal canal and corpus 
uteri; they occur also in the prostate, testes, ovaries, mammae, thyroid 
gland, pancreas, and liver; in the latter case sometimes in connection 
with cirrhosis of the liver. 

Adenomata of the round ligament of the uterus are rare. 
They are unilateral or bilateral, nonencapsulated growths situated any- 
where in the inguinal canal, vary in size from that of a hazelnut to 
that of a hen's egg, and are intimately adherent to the surrounding tis- 



Fig. 121. — Papillary adenocarcinoma of the bile-ducts (harelnut-sized nodule, 
metastases in the lungs). X 100. (After Ziegler,) 

sues. Histologicly, they consist of a very vascular connective-tissue 
stroma inclosing seiniglandular epithelial formations. The origin of 
these tumors is referred to remnants of the duct of Wolflf. 

CYSTOMATA. 

Cystomata are tumors composed of cysts. They differ from all 
other cysts in that new cysts continually develop by progressive pro- 
liferation of the constituents of the wall. Hence, the process is the 
development of proliferating cystic tumors provided with an epithelial 
hning, , The epithelium consists of large cells with distinct nucleus and 
nucleolus. 

These formations are closely related to the carcinomata, in so far 
as the cysts, analogous to the alveoli of carcinoma, are formed by pro- 
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li fetation. The difference is that the alveoli of carcinoma contain col- 
lections of cells, while the cysts of cystomata contain fluid. In the 
ovary, the most frequent seat of cystomata, cystic alveoli and alveoli 
filled with cells occur together. Cystomata generally form an aggre- 
gation of cysts presenting the appearance of a bunch of grapes the 
berries of which vary greatly in size. Some have very thin walls, like 



Fig. 122. — Papillary cystadcnoma of the ovary. X 300. 


ripe grapes; others have thick walls. The contents of the cysts at first 
consist of a gelatinous mass which later becomes liquid, sometimes very 
pale yellow, sometimes greenish or dark red from hemorrhagic ad- 
mixtures. The individual vesicles converge toward the stem; the larger 
cysts always originate by confluence of the smaller. Cystomata are the 
heaviest, but not the largest, tumors of the ovary. In rare cases cysto- 
mata, like carcinomata, form metastases throughout the abdominal cav- 
ity, especially when cysts are opened by trauma or operation, and their 
contents disseminated over the peritoneum. 
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The fluid of ovarian cysts contains paralbumin. This 
substance, it has been claimed, is diagnostic, but it is neither dis- 
tinctive nor peculiar to ovarian fluid. CO2 or acetic acid will form 
a precipitate, but this phenomenon also is fallacious from a diagnostic 
standpoint. Floating in the fluid are a number of small cells (Drys- 
dale’s corpuscles), about the size of leucocytes, filled with glistening 
granules which are unaflfected by acetic acid or ether. They are devoid 
of nuclei, none appearing even after treatment with acetic acid. Some 
authorities claim that they are the nuclei of epithelial (goblet) cells of 



Fig. 123. — Teratoma (adenosarcoma malignum) of the kidney of a child 
of 7 years, a, tissue with gland tubes; b, sarcoma tissue. X 300. (After 
Ziegler.) 

the cyst. Drysdalc claims the granules are neither fatty nor albumi- 
nous; it is possible they may be mucous. They are not pathognomonic. 
So-called gorged corpuscles of Ilennett (Glugc's cells) also are found, 
but they are not distinctive. These arc very large cells gorged with 
granules of fat. They occur where fatty degeneration is progressing. 
Cholcst’erin in crystalline form is another con.stituent which may be 
pre.sent in large amount. Red blood-corpuscles are rare unless inflam- 
mation or trauma exists. Pus-cells (leucocytes) are present in variable 
amount. 


3. The Teratoid Tumors. 

The teratoid, or systematoid, tumors contain, in incom- 
plete manner, a number of organs which correspond to an organ system. 
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Some of these tumors belong to the class of double monsters — of the 
parasitic fetus. In a measure they form cysts, in that a capsule in- 
closes the whole tumor. On the other hand, as they always contain 
more or less complete portions of skin, all these tumors are included 
under the head of dermoid cysts. Besides skin, these dermoid 
cysts always contain a pap-like material, corresponding to the contents 
of atheromatous cysts, which is composed of desquamated, partly fatty- 
metamorphosed epithelia, cholesterin, fat-crystals, etc. The skin some- 
times contains very well developed or hypertrophied papillae, and is vas- 
cular and often provided with sweat and sebaceous glands, hair-follicles, 
and hairs. Many dermoid cysts contain also cartilage, bone, teeth, mus- 
cle, milk glands, more or less complete eyes, and also brain and nerve 
substance. 

These dermoid cysts grow slowly, and occasionally attain consid- 
erable dimensions. They occur in the subcutis, ovary, brain, orbits, 
lungs, testes, etc. 
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The phenomena of poisoning depend in general upon the 
concentration and amount of the acting toxic substance. Concentrated 
acids, for example, produce severe phenomena of poisoning, while they 
are harmless when highly diluted. Many medicaments act therapeu- 
ticly in medicinal doses, and as poisons in larger amounts. In this con- 
nection individual susceptibility is often very variable; the age and 
habits of the individual are usually of great significance. Hence, there 
is no definite limit beyond which a chemic substance acts as a {>oison. 
Accordingly, the anatomic alterations caused by poisons, and 
which are here of prime importance, are also subject to wide devia- 
tions. Here, also, aside from the quantity and concentration of the 
poison, the length of time which elapses between the primary action 
and the occurrence of death is very essential. If some time elapses 
before death occurs, part of the poison may be removed from the 
stomach by vomiting or the stomach-pump, and a portion may be elim- 
inated also through the kidneys and intestine.^ Under these circum- 
stances anatomic alterations cannot always be observed. The conditions 
are entirely different, however, with poisons which cause death rapidly. 
In this instance local alterations are very frequently found. 

Three great groups of poisons can be differentiated according to 
their action upon the human organism.- To the first group belong all 
chemic substances which exert an especially deleterious action upon the 
blood; these are the so-called blood poisons. To the second 
group belong all substances which produce alteration of the 
tissues, and to the third group such poisons as leave no visible 
evidence of their action. 

I. Although, in addition to alteration of the blood, changes in the 
tissues frequently occur in connection with the blood poisonS, they 
are insignificant compared with the effects upon the blood. To the 
blood poisons belong carl)on monoxide (CO), carl)onic acid (carbon 
dioxide, COo), sulphureted hydrogen (H2S), hydrocyanic acid (HCN), 
and potas.sium cyanide (KCN). 

1 Poisons may be eliminated also by the saliva, milk, bile, sweat, blood 
(menstrual), and volatile poisons by the lungs (alcohol, ether). 

* As space does not permit detailed discussion of all poisonings, only the 
most frequent and important alterations accompanied by decided and characteristic 
anatomic changes will be dealt with, 

( 313 ) 
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In poisoning by carbonic oxide gas (CO) (from char- 
coal fumes or illuminating gas) the blood, which is gener- 
ally fluid, assumes a bright cherry-red color as a result of 
transformation of the oxyhemoglobin into carbonic-oxicle-bemoglobin 
(demonstrable with the spectroscope), llic latter is incapable of taking 
up oxygen. The red blood-corpuscles are not altered. If the action 
of the carbonic oxide ceases before death occurs, recovery may take 
place, or the individual dies from so-called secondary affections (c.^., 
pneumonia from aspiration of vomited matter, foci of softening in the 
brain due to severe disturbances in nutrition resulting from union of 
carbonic oxide with the hemoglobin). After more or less prolonged 
action, the heart, liver, and kidneys are in a state of intense cloudy 
swelling. If death does not take place at once, violent bronchitis (some- 
times hemoptysis) and bronchopneumonia occasionally occur. 

In carbon dioxide (carbonic acid) poisoning (COo) almost 
all the blood remains fluid and has a dark-red color. Death re- 
sults from interference with respiration, due to gradual accumulation 
of carbon dioxide and consequent progressive deoxidation of the blood; 
asphyxia occurs in consequence of reaction upon the nervous system 
(respiratory center) and heart. Carbon dioxide poisoning is observed 
in death from suffocation (hanging, strangulation, drowning, suffoca- 
tion from aspiration of foreign bodies and solid masses of food, 
hemoptysis, aspiration of vomited matter, edema of the glottis, etc.). 
In poisoning with hydrocyanic acid (prussic acid) 
(HCN), potassium cyanide (KCN) (especially in the form of 
oil of bitter almond), and nitrobenzol (CoH.-jNOo) (mir- 
bane oil), the parts of the cadaver have the odor of bitter 
almonds — perhaps not always distinguishable in the case of hydro- 
cyanic acid, in nitrobenzol more intense than in hydrocyanic acid. The 
latter generally presents no other characteristic signs, while in poisoning 
with potassium cyanide (owing to its content of potassium carlx>nate) 
caustic action and severe hyperemic hemorrhagic alterations are often 
observed in the stomach. Nitrobenzol poisoning also gives rise to 
hemorrhagic hyperemia of the gastrointestinal mucosa, and the brain, 
liver, and kidneys are often intensely hyperemic. The blood * coagu- 
lates slightly, and in poisoning with hydrocyanic acid is either bright 
cherry-red (according to Robert, owing to the absorption of much 
hydrocyanic acid) and rich in oxygen or dark red. According to 
Robert, cyanmethemoglobin is formed from the hemoglobin. Accord- 
ing to Geppert, this is incapable of taking up or liberating oxygen. 
Furthermore, hydrocyanic acid exerts a direct paralyzing action upon 
the central nervous system. 
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After poisoning with nitrobenzol the blood is slightly co- 
agulable, but it has a characteristic dark-brown color; for this reason 
the skin also occasionally has a dark grayish-blue color, while in hydro- 
cyanic acid poisoning the cadaveric maculae have a striking bright-red 
appearance. The gastrointestinal canal, brain, liver, spleen, and kidneys 
are very dark red. ♦ 

In poisoning with sulphureted hydrogen (HoS) — the chief 
constituent of the gas in privies and sewers — death occurs in a short 
time owing to the formation of sulphmethemoglobin and to paralysis 
of the central nervous system. The blood is remarkably dark, almost 
inky black; the organs have the specific odor of rotten eggs. It is 
doubtful whether an analogous poisoning can occur as the result of 
autointoxication from intense accumulation and decomposition of fecal 
matters in the intestine. 

Other lilood ])oisons act ])rinci])ally by destruction of the red blood- 
corpuscles and transformation of the hemoglobin into met hemo- 
globin (brown color). This transformation may take place within 
the red hlood-corjiuscles as well as after they have been destroyed and 
the hemoglobin has [lassed into the blood-plasma. The methemoglobin 
is taken up by the spleen, liver, and bone-marrow, and when more 
methemoglobin is produced than tliese organs can retain it is excreted 
by the kidneys: m e t h e m og I uh i n u r i a . Methemoglobin is not 
formed in every instance in which hemoglobin enters the blood-plasma; 
under the action of arseniureted hydrogen, phallin (from Amanita 
phalloidcs, Aijarkus mnscarius, f1y agaric), and helvellic acid (the active 
substance of hclvella or Morchclla csculcnta; this toxic substance 
is removed by boiling; the water in which it was boiled is poisonous), 
h e m og 1 ob i n e m i a (red color) and hemoglobinuria are pro- 
duced. Deposition of blood-coloring matter in the liver, hone-marrow, 
and spleen and pigment infarcts in the kidneys also occur in these cases 
as a result of the intense destrucliun of the red blood-corpuscles. In 
fatal cases icterus is present. 

Methemoglobinemia is produced by many oxidizmg substances 
(ozone, iodine, nitrites, nitrates, etc.) as well as by reducing agents (pyro- 
gallol, *hydrocbinon, pyrocatechin, alloxanthin, nascent hydrogen, etc.) 
and many other substances ( toluidin, aniline salts, etc. ). Pyrogallol, 
anilin, sulphureted hydrogen, toluylendiamin, nitro- 
glycerin, nitrobenzol, amyl nitrite, p h e n y 1 h y d r a z i n , 
potassium chlorate, and others are especially characterized by 
the formation of methemoglobin. 

In poisoning with potassium chlorate, the cadaveric maculae 
(cadaveric ecchymoses, hypostases) present a peculiar dull-gray color. 
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The cause of death is generally- parenchymatous nephritis and almost 
complete occlusion of the urinary tubules with methemoglobin ; the 
latter is at least partly responsible for the complete anuria. In severe 
poisoning death occurs in a few hours. The blood then has a chocolate- 
brown color. In addition, potassium chlorate manifests general potas- 
sium action^upon the heart (paralysis, cardiac weakness). 

Finally, ricin (from the seed of the castor-oil plant) and abrin 
(seed of Ahrus precatorius, jequirity, or wild licorice) are violent blood 
poisons which cause disintegration of the red blood-corpuscles and for- 
mation of thrombi. They may finally cause death by the production of 
violent catarrhal manifestations on the part of the gastrointestinal canal, 
accompanied by icterus, severe parenchymatous changes of the organs, 
and hemorrhages. 

II. In the second large group of poisons, which are charac- 
terized especially by alterations of the tissues, three different 
modes of action can be differentiated : Irritation, parenchy- 
matous inflammation, and corrosion. 

To those agents which exert only an irritative action, producing 
hyperemia and swelling, belong various substances in gaseous or vapor 
form, e.g., bromine, iodine, chlorine, ammonia, nitrous oxide, sulphurous 
acid, osmium, oil of mustard {Oleum sxnapis), and others. The irrita- 
tive action may extend to the mucous membrane of the eyes and nose 
(in bromine vapors), of the respiratory passages (iodine vapors and 
chlorine gas), and of the digestive canal. Often only hyperemia and 
secretion of watery or mucoid masses occur; occasionally, however, 
very violent inflammations and, under certain circumstances, even morti- 
fication may supervene. On swallowing irritant substances generally no 
hyperemia is produced in the mouth, because the poisonous agent too 
quickly passes this organ. In the gastrointestinal canal, on the other 
hand, very violent catarrhal inflammation may occur, which usually is 
accompanied by very active vascular injection and often by hemorrhages. 

To the true corrosive poisons {venena corrosiva) belong, first 
of all, concentrated organic and inorganic acids (hydrochloric, nitric, 
sulphuric, carbolic, salicylic, oxalic, and glacial acetic acids) ; the caustic 
alkalies and alkali salts (liquor potassa*, sodee, ammonii caustici; potas- 
sium sulphuratum, pcrmanganicum, bkhromicum), and the metallic 
salts (silver nitrate, corrosive sublimate, zinc chloride, copper sulphate, 
lead acetate, or sugar of lead, etc.). When greatly diluted they are 
usually harmless ; in strong or concentrated solutions, how- 
ever, like many other substances {liquor ferri sesquichlorati, cantharides, 
etc.), they produce violent gastroenteritis when ingested. Occa- 
sionally fibrinous exudations are produced through the agency 
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of chemic substances, especially in the pharynx and larynx (e.g,, 
vapors of liquor ammonice fortior) ; fibrinous membranes are then 
formed (in the stomach by the action of boiling water), i,e,, a variety 
of croup. This occurs when complete corrosion does not take place, 
c.<7., also in sulphuric acid and carbolic acid poisoning. With COXTOSioil 
the circulation invariably ceases ; consequently, exudation of fibrin 
cannot take place. Membranes which may become loosened and be dis- 
charged are also produced in corrosion, 'fhese arc not, however, pseudo- 
membranes, but true membranes, principally the necrotic exfoliated 
mucous membrane. 

The corrosive processes are accompanied by phenomena of 
irritation. Here, also, hyperemia and hemorrhage at first ensue. 
The blood, owing to chemic union with the corrosive substance, is trans- 
formed into a condition designated as carbonization, ])ecause the attacked 
henK»rrliagic parts assume a i>lackish-brown color. 

The peculiarities of the action iijion the albuminou.s substances are 
best seen when very little l)Iood is i)resent: otherwise, tliey are obscured 
by hemorrhagic reddening. At fir>t cloinling of the mucous membrane 
occurs as the result of ])reci))itation of albuminates, whereby the parts 
may assume a cloudy, whitish hue. 

This primary stage (d mortification is followed by the 
second — that ot u 1 c e r a t i o ii and e x f o 1 i a t i o n . At the point 
between the iHortilied and nonmortilied tissue a demarkating and dis- 
secting siipimration develops; this results in e\f(»liation of the dead 
parts and the formatic»n of a corro>ion ulcer: ulcus corroshnm. The 
exfoliated menibranes (mucosa and suhmucosa ) are ahva\"s rougli upon 
the external ( sujK'rilcial ) surface, and smooth iqxm the inner (^exfoli- 
ated) surface, as a result of suppuration. C roupous membranes, on the 
contrary, are smooth externally and rough internally, riie corrosion 
ulcer heals readily, i)rovided the individual survives. Granulations then 
develop U])on the surface (d the ulcer and result in tlie f<n*niatioii of a 
layer of connective tissue (not in regeneration of the mucous membrane). 
This cicatrization is always associated with coniraction, which 
varies in degree according to tlic depth of the corrosive action. In the 
esophdgus the narrowing (stenosis) may be so pronounced as to 
permit the passage of hut small sounds, and in the stomach the con- 
traction is sometimes so extreme that this organ becomes very small and 
w^holly insufficient, 

I'he corrosive action is rarely of uniform intensity over large 
areas. The principal seat of action of all corrosive substances is the 
stomach. The ingesta pass the mouth and esophagus quite rapidly; 
consequently, very little carbonization of these parts is found and rarely 
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true ulceration. In the esophagus those localities which are points of 
predilection for the formation of carcinoma are especially disposed to 
corrosion, namely, those parts which are principally adapted to bring 
the ingesta into intimate contact with the mucosa of the esophagus: (1) 
the isthmus behind the cricoid cartilage; (2) the crossing of the 
esophagus with the left bronchus; (3) the part immediately above the 
hiatus wsophagens of the diaphragm. In the stomach the pylorus is 
always the most intensely altered; the fundus is more rarely and less 
severely altered ; the remaining parts often show no signs of corrosion, 
but they also may be altered in toto. The whole inner surface of the 
esophagus (mucosa, submucosa, more rarely parts of the muscularis) 
may also be corroded, exfoliated as a tubular mass, and sometimes sud- 
denly be vomited by violent regurgitant peristalsis. The corrosion 
rarely extends deeper than the muscularis. Therefore, perforation of 
the stomach never takes place immediately after corrosion, but. if it 
ever occurs, only after the lapse of weeks. Post-mortem per- 
foration, however, may very early occur after corrosion (c.r/., in 
transportation of the corpse), and the remaining abdominal organs 
may then be attacked by the corrosive substance (c.g., sulphuric acid). 
In this case signs of peritonitis, which are never absent in perforation 
during life, are always lacking. 

In poisoning with sulphuric acid a brown eschar is some- 
times formed at the corners of the mouth by spilling of the liquid. 
Nitric acid leaves a yellow, and hydrochloric acid a gray or gray- 
ish-white, eschar. In but few instances, however, can this feature be 
relied upon as of positive diagnostic importance; indeed, in many cases 
all external evidence of escharotic action is absent. The yellow stain- 
ing of the gastric mucosa is always due to imbibition of bile, owing 
to entrance of bile into the stomach as the result of violent efforts of 
vomiting. 

In the neighborhood of the escharred parts imbibition of blood- 
coloring matter and edema generally exist. As a rule, the pylorus forms 
the lower limit of the corrosive action; corrosion is seldom observed 
beyond the pylorus. If death does not occur early in cases of sul- 
phuric acid poisoning, parenchymatous degeneration of the 
heart, kidneys, and liver, with ultimate fatty metamorphosis, may 
supervene. 

In poisoning with acetic acid transformation of the surface into 
a jelly-like condition has been observed, after which true softening fol- 
lowed. Sometimes grayish-white or blackish eschars develop upon the 
mouth. 
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Corrosion occurs also in poisoning with oxalic acid and potas- 
sium oxalate (sorrel salt), which kill by paralyzing the central 
nervous system. The occurrence of calcium oxalate in the urinary 
tubules is characteristic of oxalic acid poisoning. 

Carbolic acid sometimes alters the urine, especially after pro- 
longed action, and imparts to it a dark olive-green color. It may also 
produce symptoms of poisoning and sudden collapse, by action upon 



Fig. 124. — Gastric mucosa strongly swollen and folded. The crests of 
the folds have been corroded by carbolic acid. Duodenum in part strongly 
swollen ; mucosa closely folded ; occasional folds slightly corroded upon the 
crests. (Suicide. % natural size. After Lanyerhans.) 

the central nervous system, from absorption through the skin, surface 
of wounds, genital pas.sages, and rectum. When the first, usually very 
severe, collapse subsides, a violent bronchitis develops, which begins in- 
sidiously and is often attended by only slight symptoms; this is accom- 
panied by a very extensive fibrinocatarrhal bronchopneumonia, which, 
in many instances, also appears insidiously and frequently ends in death. 
At necropsy the organs often have a characteristic odor of carbolic acid. 

Ammonia^ after absorption through the intestinal canal, acts as 
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a violent irritant upon the mucous memlifkne of the respiratory p^s^ages* 

and sometimes causes death from edema of the glottis* 

Many animal poison^ ail-e similar in action to the corrosive poisohB. 
They sometimes produce more or less violent local inflammation (at this . 
point of entrance), sometimes necrosis. Here belong can th a rid ^ 
(from the beetle, Lytta ^rsicatoria); phryniai or biifidin (from 
the cutaneous glands, parotid, of toads); the secretion of the, ven- 
om glands of serpents and scorpions;'*' the seef^on of , the 
sting glands of bees, wasps, hornets, and rpf the, salivar/ 
glands of gnats, mosquitoes, gad-flies, and flies, and 
the secretion of the poison glands of spiders ( tarantula ) . 
Snake poisons exert also a paralyzing action upon the central nervous, 
system. The sting of certain scorpions is fatal. r. 

..r ? 

In the poisonous serpents the poison is contained not only in the secfiption of 
the poison glands, but also in the blood-plasma, where it occurs in species which, 
although possessing poison glands, are utiarmed with poisoit fangs. In most ser- 
pent poisons and in the poison of the scorpion, spiders, etc., hemolysins* are present 
which dissolve red blood-corpusclcs in vitro, in which process lecithin plays an 
important role. The hemolysin of cobra poison and other serpent poisons corftbines 
with this normal constituent of the red blood-corpuscles to form lecithidin«»> 
whereby, according to Ehrlich’s terminology, the poison and the lecithin become 
linked as amboceptor and endocomplenient, thus considerably increasing the avidity 
of the cytophlle group of the amboceptor, i.c., its hemolytic action. It has been 
shown thr.t the ncurotoxin of cobra poison, which causes severe manifestations of 
poisoning, is not bound by lecithin, so that this serpent poison can be separated by 
the lecithin method into two different toxic components : hemolysin and 
neurotoxin. The poisons of viperidse and several colubridse contain, according 
to Flexner and Noguchi, a third toxin (h e m o r r h a g i n ) which, &ases the, 
marked local effects of bites of the viperidec: the hemorrhagic edema, etc,, prob- 
ably by injury of the vascular endoiheha. The toxinoid animal poisons also possess, 
in common with bacterial poisons, the ability to [>ro(lucc in the li\ing animal body 
so-called antibodies which form wdth the toxic substances inactive compounds, and 
the serum of animals immunized to serpent poison can be employed in the therapy 
of serpent bites. The antivenene of Calmette is effective only against cobra 
poison and other essentially iieurotoxic snake poisons : it iloes not neutralize the 
action of hemorrhagin. Calmette has recently succeeded in producing a polyvalent 
serum by successive immunization against both categories of poison. 

Injection of water into the blf>od produces hemolysis by disturbance 
of the osmotic equilibrium lietween the blood-corpuscles and the surrounding fluid. 
Ether {in vitro; in vivo the ether is given off beforehand to the blood-plasma, 
when the ether content of the latter diminishes), chloroform, biliary 
acids, glycerin, AsHa, toluylcndiamin, chlorates, felicic 

^ Certain bacteria, e.g., staphylococci and streptococci ; cholera, tetanus, and 
pyocyaneus bacilli ; also elaborate hemolysins, i.e., substances which dissolve 
red blood-corpuscles in the blood. This Sfdvent action is designated as hemol- 
ysis, and is characterized by the discharge of the hemoglobin from the red 
blood-corpuscles into the blood-plasma and destruction of the red cells. 



POISONING. 


321 


V 

acid, inorelU (e.g., II elvella 'h^ulmta), rmny strpctit poisons (see p. 320), 
and toxins of infectious agents also produce hemolysis. A large number of 
pathogenic bacteria produce hemolysins which dissolve erythrocytes also in bouillon 
tubes. Besides, the normal blood-serum of many ahimals dissolves the red blood- 
cells of other animals (even those of an individual of the same animal species: 
Isolysis^), so that only the blood of the same animal species can be used for 
transfusion. Further, it is possible experimentally to impart to the blood-serum 
of an animal, A, the ability to dissolve the erythrocytes of an animal, B, when the 
blood of anipial B fs repeatedly injected into the body of animal A. In other cases 
of hemolysis Sbemlc alteration* is predominant. The hemolysins exert a lipolytic 



pendulum. (After H. Fox.) 


action, and, as the erythrocytes contain lipoid substances, hemolj’^sis here can readily 
be comprehended. The action of saponin, which binds cholesterin, offers an 
insight into an especial case: erjihrocytes are five times as sensitive to saponin in 
isotonic sodium chloride solution as in their own serum. If the cholcsterin is 
removed from the blood-plasma, the latter loses its antihemolytic power and the 
cholesterin of the erythrocytes is at once attJicked (Askanazy). 

The phenomenon of hemolysis is now extensively employed in the Wastfer- 
mann*Bruck reaction in the diagnosis of syphilis. In this test there are used . 

1. The blood- serum of the patient, which, if he has syphilis, represents 
an anti- or immune body : amboceptor. 


* Therefore, in transfusion in the human 
be transfused should previously be tested as 
^ orpuscles of the recipient. 


subject, the serum of the blood to 
to its hemolytic action upon the 
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2. Antigen : an extract of a. syphilitic organ containing Sl^iroclustcc pallida 
(usually the liver of a syphilitic fetus). 

3. Complement, which is present in every blood-serum. 

4. Red blood - corpuscles of a sheep. 

5. Anti b o d y or amboceptor to these red blood-corpuscles, prepared 
by injecting an animal {e.g., rabbit) with red blood-cells of a sheep. 

If the patient’s blood-serum is an immune serum, /.c., contains syphilitic anti- 
body, it is united by the complement with the antigen in the extract. The comple- 
ment, therefore, becomes “fixed,” and, as (with the aid of the amboceptor) it cannot 
dissolve the red blood-cells, no hemolysis occurs : the red blood-cells form a 
sediment. On the other hand, if syphilis is not present the patient’s blood-serum 
is not an immune serum for syphilitic antigen, i.c., contains no syphilitic antibody; 
the complement, therefore, remains free and unites with the sheep blood-cell 
amboceptor and red blood-cells and dissolves the latter, i.e., hemolysis occurs. 
This “complement fixation,” however, does not appear to be specific,! since an 
antigen, which still will bind the syphilitic immune body in the presence of com- 
plement, can be extracted from normal organs of animals {c.g., the heart muscle^ 
or liver). 

The Noguchi modification of this test differs essentially in the use of human 
red blood-corpuscles and human blood-corpuscle amboceptor. 

Subcutaneous injection of blood-serum, egg-albumen, or other indifferent 
soluble animal, vegetable, or bacterial prnteid into guinea-pigs or other animals 
produces in these animals a state of hypersensitivcncss, called anaphylaxis, or 
allergy, which becomes manifest on subsequent injection, after a certain inter\^al 
(about ten days), of the same kind of protcid. Very minute quantities of the pro- 
teid {e.g., ^loooooo Gm. of horse serum) sufiice to produce sensitization ; the second 
dose, however, must be comparatively large {eg., 3 to 6 c.c. ). The blood-scrum of 
anaphylactic animals, when injected subcutaneously, renders within a few hours 
other animals of the same species passively hypersensitive to reinjection. This form 
of anaphylaxis is known as “ passive anaphylaxis.*’ (Otto.) The sensitized 
mother can convey this condition to the offspring (fetus), whether injections are 
made before or during pregnancy. This inherited anaphylaxis lasts for about six 
weeks. It cannot be transmitted through the milk or sperma. Eosinophilia is 
regarded by some as a blood symptom of acquired anaphylaxis. A familial form 
of anaphylaxis has recently been described. According to Rosenau and Anderson, 
the essential agent in passive transference of anaphylaxis is “ a 1 1 e r g i n , ' * an 
antibody characteristic of anaphylaxis and specific for its antigen. On the other 
hand, Friedberger designates the anaphylactic toxin as a n a p h y I a t o x i n , which 
he regards as the same in all forms of anaphylaxis Immediate anaphylactic symp- 
toms can be produced in normal (nonsensitized) animals by injection of suitable 
mixtures of antigen and anaphylactic antibody. 

Dyspnea is pronounced ; the pulse shows marked irregularity (vagus pulse) ; 
the blood-pressure sinks rapidly to zero as a result of paralysis of the peripheral 

! According to Stitt (Practical Bacteriology, etc., Blakiston, 2d ed., 1910, p. 
140), “the Noguchi method gives a positive reaction with nonsyphilitic sera m 
about 7 per cent, of cases, and the Wassermann gives a negative reaction in about 
9 per cent of syphilitic sera.” 

^Manoilon (Cent. f. Bakt., Bd. 57, H. 5), substituting normal gastric juice for 
the amboceptor recommended by Wassermann, has obtained the same results as 
with the Wassermann hemolytic amboceptor. 

3 Berlin, klin. Woch., No. 21, 1911, p. 938. 
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vasomotor apparatus. There arc vasodilation in the splanchnic area, resulting in 
hyperemia of the ahdominal organs, increased peristalsis, and diarrhea; Icucopenia, 
decreased coagulability of the blood, disappcrance of complement, and rapid fall in 
temperature. Animals frequently die in convulsions in from five minutes to one 
hour. Death is due to paralysis of respiration. 7'hc heart continues to beat for 
some time after cessation of respiration. At necropsy the lungs are enormously 
distended (emphysematous), due to spasm of the bronchial muscles of peripheral 
origin. Animals which recover return to the normal condition within from twelve 
to twenty-four hours, and are then iinimnie (a n t i a n a p h y 1 a c t i c) to further 
injections. Antianaphylaxis may be produced if the animals are injected during, 
i.e,, about the middle or toward the end of, the anaphylactic incubation period; 
otherwise anaphylaxis develops. 

According to Rosenau and Anderson, the hypcrscnsitivencss in sensitized 
guinea-pigs lasts about two years. According to Curie, man injected once with 
horse scrum remains for five years hypersensitive to reinjection. All warm-blooded 
animals thus far cxamine<l can be rendered anaphylactic, although sensitiveness in 
individual species is very variable. Man is not very sensitive. Of cold-blooded 
animals the results thus far have been positive only in the frog. 

Anaphylaxis occurs, as a rule, only when the proteid of the first injection 
(antigen) is p a r e n t e r a 1 1 y (/ c., extraenterally) introduced. While heterologous 
proteid taken per o.? is completely broken down in the intestinal tract by the ferments 
there present and is syntheticly converted into homologous proteid in the 
intestinal wall, the proteid parentcrally introduced acts as an irritant and, after a 
certain period of inriibation, excites the formation of large amounts of strongly 
specific antiproteid bodies ( amboceptors 'i. If albumin is parentcrally introduced 
by intravenous reinjection into the organism of an animal in which, as the result of 
forincT injection, antiliodies (amboceptors) specific for the proteid in question cir- 
culate, union of antigen and antibodies occurs and results in a quite sudden disin- 
tegration of the proteid, which, of course, at the time of the first injection, only very 
gradually took place. The intermediate substances thus produced arc, perhaps, the 
same as those formed in enteric digestion; however, as they are not in the lumen 
of the inte.‘?tine and not removed from direct action upon the organism, certain 
groups of these decomposition products api»arently are unusually toxic. 

Accordingly, anaphylaxis may be regarded as a form of parenteral albumin 
. digestion, i.c., an intoxication by intermediate products liberated during extraenteral 
disintegration of proteid. The disintegration products themselves iirobably are not 
specific, but only the mode <»f toxin formation; since on employment of the 
relatively small doses, such as are found to be fatal on reinjection, an intense 
liberation of toxin can occur only when the homologous antibody haj.» been increased 
by previous preparation. 

When a sublethal dose is reinjected after about ten days, the antibody is in 
great part anchored by the proteid and thus rendered inactive, so that soon there- 
after the animal can endure many times the otherwise fatal dose. This state is 
designated as ^^antianaphylaxis/’ 

The union of the antibodies formed during the period of action of the first 
injection with the homologous proteid introdm ed at the time of reinjection does 
not of itseljf exert a toxic action; but from this union disintegration results solely 
through the agency of complement, whereby, as already stated, intermediate toxic 
products are formed. 
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Therefore, in anaphylaxis, as in hemolysis, etc., we have three components 
which interact with the formation of toxin. These are : (a) antiproteid body pro- 
duced by the first injection ; (b) the proteid of the second injection, and (r) com- 
plement. With these three components Friedbergeri has produced also in the test- 
tube what he regards as the same intermediate toxic product, which he designates 
as “anaphylatoxin.** For example, if the precipitate produced by the union of 
albumin and antibody is acted upon by nonnal guinea-pig serum, the latter acquires 
such acute toxicity that, when freed from the precipitate by centrifugation, it causes 
rapid death of guinea-pigs under symptoms of anaphylaxis. On the other hand, if 
the precipitate is digested with inactivated guinea-pig serum (i.e., serum deprived of 
complement), no anaphylatoxin is formed. A toxic dose of anaphylatoxin can be 
liberated from even 1 mg. of heterologous serum, which corresponds to 0.1 mg. of 
albumin. Friedberger’s view has recently been denied by Keysscr.^ 

When a normal animal is subcutaneously injected with a large, but sublethal 
dose of heterologous serum, the normal antibodies, which are present only in small 
amount, do not disintegrate the proteid as rapidly as is the case in an animal 
previously treated. In the blood of such an animal there still is present more or 
less disintegrated remains of antigen in addition to the new-formed antibody. 
These two components apparently react with each other but slightly or not at all. If 
such a serum is injected into another animal, the antibody, with the antigen residue, 
reacts with the formation of anaphylatoxin, and through the action of such a 
serum alone a genuine primary antiserum anaphylaxis develops. 
(Friedberger.) That the antibody plays a decisive riMc in this form of anaphylaxis 
is shown by the fact that absorption of the antibody renders the serum nontoxic. 

By anaphylaxis due to antitoxin (horse serum) is understood the severe 
symptoms occurring in certain individuals immediately after the first 
injection. It is very rare and should not be confused with serum sickness 
(see below), which occurs in about 10 to 20 per cent, of all p(?rsons injected with 
antitoxin, is a natural reaction to the introduction of an heterologous serum, and is 
observed about ten days after injection. 

Many measures have been recommended to overcome the danger of anaphylaxis 
occurring in therapeutic injection of serum. Small amounts of serum should be 
used, as the danger increases with the dose. For this reason high-potency sera are 
preferable. Heating for a number of days at from 55® to 56® C considerably 
diminishes the toxicity without loss of antitoxic potency. Prophylactic injection of 
antitoxic serum of sheep has been advised, after which, in case of advent of 
diphtheria, high-potency horse serum can be used. Calcium chloride or calcium 
lactate, 0.1 to 1.0 Gm. os for three days, have also been recommended. Atropine 
has been employed in animals as a prophylactic. The most certain agent, however, 
is the use, before reinjection, of a small dose of serum subcutaneously in order to 
establish antianaphylaxis. 

In echinococcus an antibody is formed in the organism of the host by 
resorption of small amounts of the albumin of the parasite. If in such individuals, 
at the time of incision of the cysts, large amounts of the albumin are suddenly 
resorbed from the peritoneum, severe acute toxic phenomena referable to anaphy- 
laxis develop. 

According to Friedberger, eclampsia is a state of anaphylaxis in which 

1 Deutsch. med. Woch., 1911, No. 11, p. 482. 

2 Cent. f. Bakt, Beilag. zu Abt. I, Bd. 50, H. 51. 

^ Munch, med. Woch,, 1910, p. 2699. 
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resorption of the liquor amnii during gestation sensitizes the organism. The in- 
creased resorption intra partum produces the symptoms. Serum of eclamptic women 
renders guinea-pigs passively hypersensitive to subsequent injection of liquor 
amnii. The sudden death from respiratory failure of apparently healthy infants 
after the first copious nursing from the breast of mothers who have passed through 
eclamptic attacks, especially post partum, is probably also referable to anaphylaxis. 

The nature of idiosyncrasy to medicines (drugs) is wholly obscure. As the 
agents here are chemic bodies possessing no antigen properties, *>., substances 
incapable of producing antibodies, a connection with anaphylaxis is denied in spite 
of the similarity of the symptoms. Recently, however, a certain relation has been 
assumed to exist ; for example, iodoform idiosyncrasy is said to originate not from 
the iodine as such, but from an iodoproteid which acts as an antigen producing an 
antibody to iodoproteid. 

Senim sickness and serum intoxication are terms employed to designate 
the phenomena (i)ruritus, fever, urticaria, edema, arthralgia, adenopathy, some- 
times albuminuria) which follow in about 10 to 20 per cent, of the cases of sub- 
cutaneous injection of antitoxin in man. The symptoms generally appear about the 
eighth or twelfth day after injection, though persons who previously have been 
injected may manifest symptoms earlier The patient appears to have been 
sensitized (sec Anaphylaxis). Serum sickness is usually unattended by danger, the 
symptoms generally subsiding within a few days.^ The following table of Miller 
and Root, 2 based upon the observations of Lucas and Gay, shows the percentage of 
children manifesting symptoms after injection and the relation to the number of 
doses : — 


Dj«ction. 

j 

No. Injected. 

Total No. 

1 reacting. 

1 

1 

1 

Per cent. i 
reactinfiT. ’ 

Reactions Classified. 

Children showlnsr ! Children showing 
general symptoms. local symptoms. 



1 

i 

i 

i 1 

No. 

! 1 

. Per cent. , 

No. 

Per cent. 

l»t 

1000 

3 

1 0 3 j 

3 

0 3 



2d 

281 

26 

1 9 3 

17 

1 \ 

ie 

5.6 

3d 

103 j 

15 

14.6 1 

11 

' 10 6 

13 

10.0 

4th 

36 

13 

36 1 1 

5 

; 14.0 

11 

30.5 

5th 

25 j 

12 

48 0 j 

6 

1 24 0 

11 j 

44 0 

dth 

15 1 

11 

73 3 1 

1 

1 5 

1 

! 33.3 

1 1 

10 1 

66.6 


After poisoning with preparations of mercury^ very severe 
changes are produced in the large intestine, even when the mercury has 
not gained entrance to the body through the mouth. In this case the 
poison must have entered the circulation and been excreted into the 
ititestine. This is a secondary form of poisonous action. Here, how- 
ever, an alteration occurs which appears as though it had been induced 
hy action exerted directly upon the surface and not from within out- 
ward, The change is generally confined to the large intestine, though 


i Sudden death may follow injection of diphtheritic antitoxic serum. 
STherap. Gaz., Feb., 1910. 
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in some cases it may extend to the ileum and jejunum. The mani- 
festations closely resemble those of dysentery; colitis hcemor-- 
rhagica diphthcrica (cy.T'.). They sometimes begin a few hours after 
application of bichloride of mercury to large wound surfaces, and may 
cause death in a very short time. In such cases, in addition to the 
intestinal alterations, cloudy swelling of most of the organs, particu- 
larly the kidneys, is observed. 1'he epithelia of the convoluted tubules 
of the kidney appear to be incrusted with lime, i.c., the epithelia are 
still present and can be stained, but they are covered with a very thin 
layer of lime, so that they become plainly visible only after solution of 
the lime. As cells calcify only vehen dying or dead, this may be re- 
garded as an indication that the epithelia of the urinary tubules are 
vSevercl}^ injured or possibly dead. In addition, countless solid lime in- 
farcts are formed, especially in the convoluted renal tubules. The 
freshly deposited lime often dissolves upon addition of dilute acetic acid. 
If a number of days elapse before death occurs, compact lime depOvsits 
— countless lime infarcts — are found, some of which are visible m ae- 
ro scop id y, while beginning deposition is demonstrable only upon 
microscopic examination. The enormous number of lime infarcts 
is characteristic of mercurial poisoning. Furtliermore, stomatitis 
with salivation, which not rarely advances to ulceration (upon the 
gums, cheeks, margin of the tongue) ami sometimes even to loss of the 
teeth and necrosis of the maxillai, frequently* develops as a 
first sign of ]K)isoning. dliis. however, is much more frequent in 
chronic m e r c u r i a 1 i s m . The caustic action exerted by corrosive 
sublimate and other mercurial comj)ounds is often very severe when large 
amounts are introduced into the gastrointestinal canal. 

Preparations of lead (especially plumbum accticiim, or sugar 
of lead, basic lead carbonate or white lead, litharge) in large quantity 
produce acute gastroenteritis, intense swelling and hyper- 
emia with small hemorrhages, and swelling of the intestinal follicles. 
The glandular epithelium of the stomach, kidneys, and liver is in a 
state of cl o u d y swelling; in the brain, cerebral membranes, and 
kidneys, strong hyperemia exists ; a f ter a few days icterus 
occurs. The feces have a blackish appearance, due to lead sulphide. 

In chronic poisoning the gums at the junction with the 
teeth have a slate-blue color, due to the deposition of lead sulphide in 
the tissue of the mucosa.^ Marked anemia; degeneration of Meissner’s 
plexus of the submucosa of the intestine and of Auerbach’s plexus (in 
the intestinal musculature), which causes lead colic and constipation; 

1 According to some observers, the deposit is superficial. 
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chronic nephritis (granular atrophy) ; cellular infiltration of the adven- 
titia and fatty metamorphosis of the media of the arteries, and fatty 
metamorphosis of certain groups of voluntary muscles (extensors of 
the extremities — lead paralysis, palsy) arc present also. 

When there is no disease of the blood and clinic examination reveals no 
cause for the secondary anemia, a high contenl^of the blood in erythrocytes showing 
basophilic granulation (more than 1 : 10,(KX)) is strongly suggestive of lead 
poisoning. Likewise, in the absence of other causes, especially such of a toxic 
nature, the presence of an abundance of hcinatoporphyrin in the urine (hemato- 
porpbyrinuria), to which attention may he directed by the red color of the urine, 
is also an indication of lead poisoning. 

As regards the etiology of the arthralgia and encephalop- 
athy in lead jxnsoning, nothing definite is known })athologicoan- 
atoniicly. (iarrod asserts that lead favors llie dcj)osition of urate of 
soda about the joints. Lxtrenie emaciation, macics, is always ul)servcd, 
and is due to general disturbance of nutrition. Lead is also very fatal 
to the life of the fetus; pregnant women suffering from chronic lead 
poisoning abort early or give birth to .stillborn cliildren. 

Lead is taken into the body through the mucous membranes, 
wounds, and ulcer surfaces, and retained for a long time. It is finally 
excreted with the bile and urine. The most frequent victims of chronic 
lead poisoning are ])ainters, \\h<» often employ lead in their colors and 
do not observe sufficient care in cleansing the hands before meals. 

The action of phosphorus in acute poi'^oning is manifested 
l)rincipally ])y parenchymatous degeneration of the large 
glandular organs of the alnlomen (stomach, small intestine, liver, kid- 
neys, pancreas), of the heart, and of the general muscnlalurc, with final 
fatly metainor])hosis. In the arteries, also, extensive fatty metamorphosis 
occurs within a very short time. I^Vom the second or third day onward 
intense icterus develops. If death occurs very raj)idly, the stom- 
ach sometimes has a distinct garlicky odor.^ In the parenchy- 
matous degeneration of the large internal organs and in the icterus, the 
post-mortem findings in ])hospliorus ])oisoning often conform in every 
way with those oh.servcd in severe sepsis. The .sole characteristic ex- 
ception is the spleen, which is unaltered in phosphorus poison- 
ing; in septic processes, h<jwcver, it is n.sually swollen as the result 
of hypeqdasia of the pulp. lAirlher, a positive ])asis for the diagnosis 
of phos])horus poisoning is frccpiently offered ])y innumerable small, 

1 The urine is diminished in amount and contains blood, albumin, and some- 
times fibrinous casts. Urea disappears almost entirely as death approaches, the 
peculiarity most distinctive in fatal cases being the presence of paralactic acid. 
The stools may appear phosphorescent in the dark. 
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partly confluent hemorrhages: pcjtechiae of the skin; ecchymoses of the 
subcutis, serous membranes, liver capsule, vessel-sheaths; sometimes 
hemorrhages in the gastrointestinal canal, lungs, ovaries, and brain.^ 
These, however, may sometimes occur also in sepsis. 

The characteristic changes are, as a rule, most pronounced at 
about the sixth or eighth day. ^Corrosion of the surface of the stom- 
ach seldom occurs; the parenchymatous inflammation of the peptic 
glands — gastroadenitis or gastritis glandularis — begins in the fundus, 
i,e,, in that portion where the vessels supply the blood. Owing to 
progressive swelling of the glands, the blood can enter the mucosa to 
only a slight degree, and hence anemia of the gastric mucosa develops. 
This so-called parenchymatous gastritis stands parallel to parenchy- 
matous hepatitis and nephritis. 

Chronic phosphorus poisoning occurs only in factory workers 
who handle this substance. It consists in stomatitis and peri- 
ostitis of the maxillae, with loss (shedding) of the teeth, hy- 
perostosis (osteophytes), and cario necrosis. As a result 
of the latter a great portion of the low^er maxilla may be destroyed. 
Suppurating fistulous tracts often form, wdiich open cither into the 
mouth or externally. Through prolonged action of small quantities of 
phosphorus, sclerosis of the spongiosa develops in growing bone at the 
cartilagino-osseous junction. 

In acute arsenical poisoning (mostly through the agency of 
arsenious acid, so-called white arsenic), and through the copper salts 
of the arsenical dyes: Schweinfiirth, Scheele’s, Rinmanii’s, or Paris 
green (arsenite of copper), death may occur quite suddenly — after 
twenty minutes to one hour — under phenomena which are referable to 
the nervous system (collapse, convulsions). If a number of hours 
elapse before death takes place, alterations of the gastrointestinal canal 
occur w^hich greatly resemble the phenomena of Asiatic cholera* An 
acute gastroenteritis is then present ; the gastric mucosa is 
swollen, bright red, studded with small hemorrhages, and covered with 
a layer of mucus, which is often tinged with blood; the follicles are 
enlarged (gastritis follicular is). Sometimes small, round ulcers with 
injected margins are observed in the gastric mucosa. In such instances 
small, w^hite arsenic grains (octahedra), wdiich, on burning, emit a 
garlicky odor, are not infrequently visible in the mucus and upon the 
floor of the ulcer. In the small intestine the swelling, the hyperemia, 

1 Most important changes are said to occur also in the blood, it being thick, 
fluid, and noncoagulable. It contains a large amount of fat, and its corpuscles are 
altered in form and decreased in number, while an increase of the white elements 
is also said to take place. It contains an undue amount of tissue waste in the 
form of uric acid, creatin, etc 
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th€ formation of small extravasations of blood, and swelling of the fol- 
licles are repeated. The contents of the intestine contain no bile (not 
because engorgement is present, but because no more bile is formed), 
and resemble rice water. 

If death does not occur for several days, exactly the same altera- 
tions as are found in phosphorus poisoning are present: fatty meta- 
morphosis of almost all the organs, though usually in somewhat milder 
degree, because death takes place earlier. 

Arsenic can still be detected in the body after a number of years. 
It prevents putrefaction, and often rapidly Icafls to complete mum- 
mification. Arsenic usually disappears very rapidly from the 
gastrointestinal canal. (See paragraph 4, p. 333.) 

In chronic a r s e n i c i s m (arsenism, arsenicalism) cutaneous 
eczemas develop from which carcinoma sometimes originates; also, but 
rarely, melanoses of the skin, and, as arsenical paralyses occur, prob- 
ably also degeneration of the nervous system. Perhaps renal changes 
also occasionally occur, because drojisy has been observed. The two 
last-named alterations, however, have not been sufficiently investigated. 

Ehrlich-Hata “606’*; salvarsan (dioxydiami<Ioarsenobenzenedihy- 
drochloride). The knowledge of the (losagc, indications, technique of 
administration, and motle of action of this widely discussed, new arsenical 
preparation is incom})letc. On contact with the air it is readily decom- 
))osed (oxidized), with the formation of toxic coin{)ounds, and very prob- 
ably it is rapidly altered also in the body, especially when introduced 
subcutaneously or into the muscles. As the specific action is due solely 
to the arsenobenzol, this chcmic cliange suspends the inhibiting or destruc- 
tive influence upon the syphilitic virus. The cases of j^oisoning thus far 
recorded are undoubtedly due to the arsenical derivatives thus produced, 
since most authorities state that pure, unaltered arsenobenzol is nontoxic. 
The methyl-alcohol formerly used in preparing the injections does not 
appear to have been the cause of any of the toxic efifects. 

The local action is very marked and in some instances widespread. 
Martins,^ who examined twelve cadavers that came to necropsy in from 
two to three weeks after injection, states that in every case of subcuta- 
neous of intramuscular injection of salvarsan, no matter in what dilution 
or dose, extensive and complete necrosis involving all tissues 
(connective tissue, adipose tissue, muscles, vessels, and nerves) coming 
in contact with the drug is observed in the region of injection. This 
tissue necrosis favors retention (deposition) of the chemical, but, owing 
to the thrombosis of the vessels in the region, it probably also in no slight 


* Miinch. med, Woch., 1910, p. 2769. 
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degree inhibits general intoxication from absorption of arsenical deriva- 
tives. The necrotic tissue may be thrown off as sequestra, in which 
arsenic can be demonstrated after several months. The necrotic focus 
not infrequently becomes infected, either from the blood (c.r;., in angina) 
or by local invasion or contamination of the injected solution, resulting 
in the formation of large abscesses filled with yellowish-green pus and 
necrotic shreds, which, when situated deep in the musculature, may easily 
be overlooked. In the gluteal region infection (streptococcic) thus estab- 
lished may be followed by thrombosis of the iliac and femoral veins and 
fatal pulmonary embolism. 

Intragluteal injection may be attended also by disturbances or injury 
to the sciatic nerve and its branches, lasting for days or weeks, manifested 
by radiating pains, violent and persisting colonic and vesical tenesmus, 
dysuria, retention of urine, constipation, severe j^aralysis of the leg with 
atrophy of the muscles (reaction of degeneration), all probably due to 
local (necrotic) involvement and not to ncuro])athic action. 

Acute nephritis, attended by necrosis of the e])ithelia c'f the con- 
voluted tubules, and transitory albuminuria and even hematuria have been 
recorded. 

Ingersheimer^ has shown by animal e.Kpcrimentation that a large 
amount of arsenic is found in the eye, and this he exjdains uj)on the 
assumption of an especial affinity of the preparation for this organ. 
Arsenic is found also in the urine of human subjects in about ten minutes 
after injection. 

\bilvular and other lesions of the heart, ])ulmf)nary tul)crculosis, 
tabes, chronic nephritis, etc., arc conditions in which administration of the 
preparation is dangerous. There is also an idiosyncrasy to salvarsan. 

Of the fatal cases recorded,- one was by Khrlich himself credited 
directly to the action of the remedy. Martins reports a case with valv- 
ular lesions in which death occurred in five h(mrs after injection of 0.5 
Gm., and Wbllige describes a ca.se that died three and a half hours after 
injection, death being preceded by vomiting, intestinal colic, and fluttering 
pulse. At nccro])sy hyperemia of the organs was found, and arsenic was 
demonstrated in the blood and all organs; arsenical poisoning was 
diagnosticated. 

The Wassermann reaction may or may not disappear after injection. 

While the numerous more or less severe toxic effects, such as atrophy 
and inflammation of various nerves (optic, facial, auditory, abducens, 
sciatic), diminution or abolishment of certain reflexes, gastrointestinal 
disturbances, etc., reported as occurring weeks and months after the use of 

^ Miinch. med. Woch., 1910, p. 2674. 

^ These are very numerous. 
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arsenobenzol have not with certainty been traced to the new remedy, 
it is equally uncertain that they were not due to its action. Accord- 
ing to E. Finger,! these by-effects appear about five months after injection 
of the remedy. Sir Jonathan Hutchinson ha.s drawn attention to the 
possibility of salvarsan giving rise to arsenical cancer. 

The disadvantages (necrosis, abscess formation, ])aralyses, etc.) 
attending subcutaneous and intramuscular injection are said to be over- 
come by intravenous injection. Aside from the difficulties and dangers 
ordinarily attending this method of administration, it unquestionably is 
the most rational, because it enables accurate dosage; action takes place 
at once; there are no depots established for retention of arsenical deriva- 
tives, which later may be alrsorbed with toxic eff ect, and excretion of the 
drug is rapidly efTected. 

As continued exposure to the air rc'^ulls in the formation of toxic 
o.xidation derivatives which cause the toxic effects, it is important that the 
glass containers be free from ffaws admitting even minute amounts of air; 
the ])owder should be unaltered in a])pearance and in a finely divided state, 
and collect in small masses (balls) only after oiiening the container. 

Experimental investigations made ]»y Meissner- indicate that injections of 
acid salvarsan cause coagulatioti uf the l>loo<l and thus lead to occlusion of the 
pulmonary arteries. A\ hen salvarsan was added to horse or ox serum a dense, 
while, iloccnlent precipitate occitrrc<l. This w'as not observed when salvarsan ren- 
dered alkaline by sodium hydrate was used ; the serum retained its golden -yellow 
color and normal consistency. These tests apparently demonstrate that the severe 
jHilinonary disturhances ol)ser\ed after inicetion of salvarsan into animals arc due 
to the precipitant action of the chemical Experiments were undertaken also to 
determine the nature of the precipitate: 5 c.c, of ox scrum were diluted with water, 
and a solution of (U5 Cm. of salvarsan in 40 c.c. of water added. The centrifu- 
gated precipitate treated hy the Kield.dil method showed after di.stillation 0.02H4 
Gm, of nitrogen, eorrestiondmg to 0.1775 (hn. of proteul. The same amount of the 
same serum without addition of salvarsan contained 0.3159 Gm. of proteid. There- 
fore, about one-half of the proteid in the ox .scrum liad Ik on precipitated hy the 
sahar.san. The precipitate was insoluble in water or pliysiologic salt solution, t.c., 
consisted of denatured proU id. 

Those investigations seem to indicate that in man also the fatal action of 
acid salvarsan is due to thronihosis of the pulmonary arteries and the sequehe. At 
all events, the anatomic alterations found in the lungs of animals corresponded 
with those recently observed m a man dead in Hamburg after an injection of acid 
salvarsan. Ehrlich’s report of the necropsy findings in this case is as follows; — 

“The left pleura shows, principally over the lower lobe, moderately thick, dis- 
colored, greenish-gray, easily detachable dcfiosits. In addition there are upon the 
pleura a nunibcr of hard, yellownsh, pinhead-sized nodules surrounded hy a delicate 
rod areola. The lung is greatly increased in volume. The upper lobe and the 


> Wien. klin. Woch., 1911, No. 2. p, 65. 
-Deutsch. mod. Woch., March 16, 1911, p. 491. 
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upper half of the lower lobe are everywhere crepitant; this is entirely absent in the 
lower half of the lower lobe, which is dense on palpation. Upon the cut surface 
appears a very succulent, gray-red tissue containing a slight amount of air. Other- 
wise the lung contains a good amount of air. 

“The right pleura shows a small amount of gray, fibrinous deposit ; otherwise it 
is smooth and glistening. Upper and middle lobes present the features of the first 
upper lobe. The lower lobe feels hard; no crepitation. Incision shows an airlets, 
dirty red, finely granular tissue, which the finger readily penetrates. An abundance 
of brownish-red, not foamy fluid is discharged upon pressure. The bronchial 
mucosa on both sides is slightly reddened ; the lymph-vessels are not involved.’* 

Meissner strongly emphasizes that salvarsan should be rendered decidedly 
alkaline. According to him, 1 Gm. of salvarsan requires for neutralization (indicator 
phenolphthalein) 4.4 c.c. of normal sodium hydrate. The precipitate which forms 
dissolves only in an excess of sodium hydrate, usually about 6 c.c. additional being 
necessary. 

Secale cornutiim, ergot in (the toxic constituents are sphace- 
linic acid and cornutin), ergot of rye, produces formication in 
the limbs (ergotism), deafness, and coldness of the fingers and 
toes, and sometimes in chronic cases (crgoiismns spasmodiciis, gan-- 
grwnosus) gangrenous necrosis of peripheral parts (tips of fingers, ears, 
tip of nose, etc.), without disease of the arteries, caused by spasm of 
the smooth musculature and consequent intense, persistent ischemia. 
Intestinal ulceration and symptoms of degenerative changes in the 
nervous system (tabes) occasionally occur. 

III. In the third great group, of poisons wfiich produce no 
distinct and characteristic organic changes, belong, first of all, the so- 
called nerve and cardiac poisons. These give rise principally to man- 
ifestations of irritation or paralysis. To the poisons which may cause 
death by paralysis of the central nervous system be- 
long alcohol (C2H-,0H), ether (C2TI.'>OC2Hr,), chloroform (CHClij), 
nitrous oxide gas (laughing gas, NoO), chloral hydrate, opium, mor- 
phine, cocaine, strychnine, aconitine, atropine, nicotine, quinine, digi- 
talin, muscarine, colchicine, veratrine, and others. 

Alcohol acts as an irritant when employed locally upon mucous 
membranes; internally, it may produce manifestations of acute poison- 
ing (intoxication). After a brief stage of excitation, a stage of depres- 
sion with dilation of the vessels follows. As a rule, headache is present. 
Sometimes death occurs with loss of consciousness, coma, slowing of 
respiration, and cyanosis, and sometimes quite suddenly (apoplectiform). 

Chronic consumption of alcohol in excess favors obesity, and causes 
catarrh of the air passages, insomnia, state of terror, muscular tremors, 
delirium tremens, cirrhosis of the kidneys and liver, induration of the 
myocardium, degeneration of the vessels, and alteration in the ganglion 
cells of the retina. 
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Ether may cause death under signs of active hyperemia and hem- 
orrhage of the small bronchi and mild hemorrhagic conditions of the 
lungs, often not until some time after its action. In other cases (in 
narcosis) death occurs rapidly during administration (in which case 
latent renal disease probably is present). Chronic abuse of ether pro- 
duces phenomena similar to those observed in chronic alcoholism. Em- 
ployed locally it causes, by rapid evaporation, decided cooling with 
anemia and suspension of sensation. 

Chloroform acts as a local irritant upon mucous membranes; its 
internal action causes death by paralysis of the central nervous system. 
Anatomic findings arc negative. 

As anesthetics (ether, chloroform, ethyl bromide) affect consciousness 
and sensibility earlier than motility and reflexes, a different resistance of different 
portions of the nerve-centers has been assumed, in that first the brain is affected, 
then the spinal cord, and last the medulla oblongata. 

Noteworthy is the unusual tolerance to poisons, a sort of acquired immunity 
to certain toxic substances repeatedly introduced into the body, called also from an 
old historical example, mithridatism. ^ Examples are the tolerance to alcohol and 
tobacco, which may be increased to apparently complete suspension of the toxic 
reaction to large doses. The cause of this tolerance for poison is very difficult to 
explain. In contrast to bacterial immunity and the effect of bacterial toxins, the 
chemic poisons, so far as is now known, possess no ability to excite the formation 
of antibodies which suspend or neutralize the toxic action. A certain analogy with 
the bacterial immunity aciiuired by some exists in arsenic poisoning only in so far 
as arsenic eaters (men and animals) acquire immunity only for the ordinary mode 
of introduction of the poison and arsenious acid in substance, but die after sub- 
cutaneous injection of much smaller doses. In the acquisition of tolerance to 
alcohol and morphine, it may be assumed that the organs acquire an increased 
ability to destroy these substances. 

Opium is the inspis.satcd juice obtained by incision of the unripe capsules of 
Papaver somniferum. The most active of the alkaloids of opium is morphine, 
isolated by Sertiirncr, in 1805. Poisonings occur in children who chew the plant 
(also Papaver rhccas) ; also through the pernicious habit of administering by 
unscrupulous adults of decoctions of the capsules to infants as a soothing potion. 
Children under 5 years of age are very susceptible to the action of opium poison 
and die in convulsions. In adults suicide by morphine is not infrequent: convul- 
sions occur in adults only in exceptional instances. Characteristic of morphine 
poisoning is that vomiting and diarrhea are usually absent. The most important 
symptoms are: slowing of the pulse and respiration, marked contraction of the 
pupils, somnolence, insensibility, and general paralysis, finally also of the respiratory 
center. As the heart beats for some time after cessation of respiration, poisoned 
persons have been resuscitated by prolonged artificial respiration. Atropine in 
doses of 1 mg., administered at most three times in succession, has proved effective 
as an antidote. 


^ Mithridates VI or the Great, circa 120 b. c., a king of Pontus and Bithynia. 
was credited with such protection, acquired intentionally as a preventive against 
poisoning by his enemies. 
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Cocaine* which is used chiefly in the form of the hydrochlorate, i is an 
alkaloid obtained from the leaves of* Erythroxylon coca. Externally it should be 
employed at most in 3 per cent, solution, and subcutaneously in not more than 
0.02 Gm. at a dose. One gram is usually a lethal dose, though permissible maximal 
doses have produced alarming symptoms. Spinal cocainization, i.e., subdural injec- 
tion of cocaine for anesthetization of the lower portion of the body, is almost 
obsolete. The toxic symptoms produced by cocaine arc very variable. Sometimes 
excitation occurs (cocaine delirium, cardiac palpitation, an.xious state, epileptiform 
convulsions) ; chiefly, however, paralysis (syncope, unconsciousness, even paralysis 
of respiration). Dilation of the pupils associated with rigidity and a sensation of 
dryness of the throat is characteristic of cocaine poisoning. 

Chronic cocaine i>oisoning, or so-called cocainism, occurs in victims of the 
morphine habit who employ cocaine as a substitute or in addition to morphine 
injections. The symj)toms are emaciation which terminates in marasmus. Aside 
from mydriasis (in morphine habitues: miosis), a paranoid, hallucinatory psycho- 
sis, persecution mania, abnormal sensations, etc., are characteristic, especially of 
pure cocaine habitues. In pure cocaine victims cocaine can be withdrawal at once 



Fig. 126. — Atropa belladonna (nightshade). About % natural size. 

W'ithout injury; in morphine-cocaine habitues, however, the cocaine administration 
can soon be suspended, but the morphine only slowdy withdrawn. 

Strychninc,wbicb is employed in the form of strychnia sulphate, is an alkaloid 
derived from the seed of Strychuos mix vomica, a tree of India, It is technically 
used in the poisoning of animals (rats, dogs). Toxic effects have been produced 
by its u.se in suicide, murder, and as an abortifacient. Medicinal poisoning with 
strychnine through mistakes and from repeated employment as a result of cumula- 
tive action has been observed. The lethal dose is 0.03 Gm. ; for children, 0.(X)4 Gm. 
Typic of strychnine poisoning are the (tonic) tetanic spasms occurring at intervals 
of about a minute and with preservation of consciousness. Protrusion of the eye- 
balls and mydriasis arc present. Vomiting is rare ; the name "vomic nut” for 
Strychnos nux vomica is, therefore, somewhat misapplied. Death usually occurs 
by paralysis of respiration during the acme of a paroxysm. Necropsy shows very 
little that is characteristic. Rigor mortis occurs with snrj)rising rapidity .and per- 
sists for days. Antidotes are chloroform inhalations and adrenalin, though the 
efiicacy of the latter has recently been questioned. 

Atropine* the active substance of Atro/^a belladonna, deadly nightshade, is 
a white, bitter, intensely poisonous alkaloid. The symptoms produced by its action 
are diminution of secretion, transpiration and intestinal peristalsis; marked dila- 
tion of the pupils, due to paralysis of the nerve-endings of the oculomotor nerve in 


1 It was introduced into ophthalmology by Kollcr, in 1884, for anesthetization 
of the cornea, and since then has otherwise been employed as a local anesthetic. 
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the iris; photopsia, violent headache, erythema of the body and face, enormous 
rapidity of the pulse, hallucinations, and delirium. Death is observed in 10 per 
cent, of the cases. Recovery generally occurs after a quiet sleep. Dilation of the 
pupils persists for some time. A good antidote is morphine (except in children 
under 5 years of age!) subcutaneously. A case of poisoning in a girl has recently 
been reported, due to ingestion of strawberries which had been enveloped in bella- 
donna leaves, the juice of the partly crushed leaves and probably also portions of 
the leaves themselves being combined with the berries. 

Nicotine poisoning. Tobacco: Chronic nicotine^ poisoning is manifested by 
trembling of the hands, pallor of the face, emaciation from hypersecretion of gas- 
tric juice and saliva, cardiac disturbances from degeneration of the myocardium, 
and especially disturbances of vision, due to alterations in the ganglion cells of the 
retina. Ordinary newspaper print soon becomes illegible; vision for colors is 
markedly obtunded. The pupils are contracted, unequal, and react sluggishly. 
That chernic irritation of tobacco poison plays a role in the etiology of carcinoma of 
the lip has frequently been asserted.- Recently carcinoma of the tongue has also 
been stated as sometimes due to irritation from tobacco. The descendants of work- 
ers in tobacco and strong smokers arc frequently degenerates.’^ In Holland 
nicotinism is very jirevalent, owing, it is said, to the very low cost of tobacco. 
Acute nicotine poisoning has occurred after tobacco enemata and admixture of 
tobacco with the food. 

Quinine, quinia, is an alkaloid obtained from cinchona bark (Jesuit’s bark). 
There arc persons who possess enormous idiosyncrasy to this drug. Vomiting is 
usually frequent; tinnitus aurinm and disturbances of vision occur and also internal 
and external hemorrhages. Such hemorrhages, which occurred after two doses of 
gram each of tlie hydrochlorate aiul terminated fatally, have recently been 
reported."* Quinia idiosyncrasy and even fever may occur also after protracted 
administration, Qainia also inhibits the ameboid movements of the white blood- 
corpuscles. 

Foxglove, Diqiliilis purpurea, contains various poisons which are comprised 
under the collective name of <1 i g i t a I i n . Poisoning occurs usually as a result of 
cumulative action of therapeutic doses. In the beginning of poisoning there is 
repeated vomiting of grass-green matter. Tn the primary stage no action is exerted 
upon the heart. Digitalin so stimulates the terminations of the vagus nerve — which 
inhibits the heart's movements — that the pulse becomes arrhythmicly more and more 
slowed, and finally even cardiac action may be arrested. A noteworthy symptom of 
digitalis poisoning is green and yellow vision. In contrast to many other poison- 
ings, digitalis poisoning usually extends over a number of days. In the treatment 
absolute rest in bed and interdiction of all unnecessary movem^i'.ts on the part of 
the patient are to be observed. The best prophylaxis is the avoidance of digitalis 
treatment except as a last resort. 

Fly fungus, fly agaric. Amanita muscaria. The dried and hence less toxic 
plant is eaten by various Siberian tribes to produce inebriation. The boiled and 
therefore partly or entirely noiitoxic fungus is eaten in southern France and 
northern Russia. Dninken delirium is typical of this form of poisoning. The 
cause of the poisoning is frequently confusion with the edible Amanita C(tsarea, 

t Named after Jean Nicot, w’ho introduced tobacco into Europe about 1560. 

2 See footnote, page 273. 

^ Miinch. med. Woch., 1909, No. 21, p. 1093. 

1910, No. 45, p. 2319. 



336 


POISONING. 


Amanita bulhosa ^ phalloides (Fig. 127), white agaric. Long Incuba- 
tion of the poison : ten hours or more. About 70 per cent, of the caseg end in 
death, generally on the second or third day. Necropsy shows, among other findings, 
marked fatty change in the liver, .kidneys, myocardium, and musculature. Con- 
valescence usually is protracted. 

, Helvetia esculcntm is the cause of morel poisoning. The poisoning is due to 
eating unboiled helvellse. Helvellae which have been only broiled and even morel , 
soup have caused fatal poisoning. Therefore, when morels are to be eaten the 
pois^ous water in which they were boiled should be poured off. The first symp- 
toms of poisoning occur at the earliest within four hours after ingestion. The 
poison, so-called helvcllic acid, dissolves the red blood-corpuscles, as a 



Fig. 127. — Amanita bulbosa. About Yi natural size. 

result of which icterus is the most conspicuous manifestation. Pathologicly, 
hemorrhages are found in the body cavities and marked degeneration of the liver. 

Morchella escuUnta, nearly related to H. esculenta, is regarded with suspicion. 

Meadow saffron (Colchicum autumnale). The plant and seeds contain the 
alkaloid colchicum. Children are often poisoned by eating the seeds, which are 
rich in colchicine. Colchicum is one of the most dreadful vegetable poisons; in 
Germany the mortality is 90 per cent., the highest of all poisonous plants. The 
symptoms are very violent and consciousness usually is preserved to the end. The 
plant generally kills within twenty-four hours, which fact is emphasized by the 
ancient Greeks in the name ephemeron. 

Artemisia absinthium, vermuth. Among alcoholic subjects, the frequency 
of epilepsy in absinthe drinkers is attributed to the vermuth in the absinthe. 

Aspidium felix mas, male fern. Poisoning with this agent may produce 
the severest symptoms. tIic chief effects are solution of the red blood-corpuscles 
and alterations of the fundus oculi, which occasionally may result in permanent 
blindness. . Fatal cases have been recorded. 

Cicuta virosa s. aquatica, water hemlock, poison turnip. The 
rhizome contains a yellow, malodorous juice the active principk of Js 
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cicutoxin. Epileptiform convulsions are the chief toxic symptoms. The mor- 
tality is .about AS per cent. 

Hyoscyamus niger, henbane, poisoiOtphacco, stinking night- 
shade, contains hyoscyamin and s c|> p o 1 a The symptoms of 
poisoning are similar to those of belladonna (g.v.). * ^ 

Juniperus sabina, com in op savin, c o v er-shame. The young twigs 
jire used in decoction as an but not alW^ys with success and often 

with ill-effects up6jift|rtP®?hother. ^he active constituent is an ethereal oil. Severe 
action is exerted upon the kidneys, and profus'e uterine hemorrhages occur. 

LoHum temulcntum, cockgrass, darnel. A fungus lives in the seed 
and renders the latter poisonous. Eating of bread to which meal containing the 
fungus has been added almost always causes trembling of the tongue and limbs. 
In other respects the toxic symptoms resemble those observed in atropine poisoning. 
In recent years this form of poisoning has become very rare. 

Solanum tuberosum, potato. The unripe, frozen, partly decayed, and 
greenish discolored tubers and perhaps also the water in which unpared potatoes 
have been boiled are poisonous 

Croton oil is obtained from the seeds of Croton tiglium. These seeds contain, 
in addition to the poisonous oil, a toxic albuminous body. Four seeds, or twenty 
drops of the oil, suffice to kill an adult. Internally it produces gastroenteritis, and 
its external application has resulted in phlegmonous inflammation. 

Physostigmine, or eserine, is an alkaloid derived from the seeds of Calabar 
bean — a species of physostigma. It is generally employed in the form of the 
salicylate. It is sometimes employed in ophthalmology (as a miotic) and is known 
for its disagreeable by-effects. It should be administered with caution. 

Pilocarpine, usually administered in the form of the bydrochlorate, is 
obtained from the le/ives of P. jaboraudi and sclloanus. It acts like nicotine, as a 
cardiac poison and a miotic. It markedly stimulates secretion (profuse perspiration, 
salivation, strangury) ; in the bronchi the mucus may accumulate to such a degree 
that it cannot be expectorated and suffocation results. Atropine is antidotal. 

Santonin. Intoxication wdth this drug has occurred after careless adminis- 
tration, prolonged use, and in persons possessing an idiosyncrasy. The chief symp- 
toms are convulsions and chromopsia, principally yellow vision. 

Strophanthin, a glucosid from the seed of species of strophanthus, is, like 
digitalis, a heart poison. As it subsequently affects the kidneys its use should be 
exceptional. 

Conium maculatum, poison hemlock, spotted parsley. The 
cause of poisoning is usually confusion with edible plants. The active substance 
is an alkaloid: coniine. The typical symptoms are burning in the throat, 
ascending paralysis, Anally paralysis of the respiratory center. Consciousness 
usually reihains clear to the end, 

Daturia siratnonlum, thorn-apple, Jim son weed, stinkweed. 
The plant contains scopolamine, atropine, and hyoscyamine. The toxic symptoms 
‘‘re similar to those observed in belladonna poisoning 

Still to be mentioned is a group of poisons which correspond in 
far as they are toxic decomposition products formed from proteid 
bodies by the action of bacteria. This is the case in vegetable 
{^itotoxismus), fish, meat {kreatoxismus), sausage, and cheese 
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{tyrotoxismus) poisonings. The poisonous products are designated 
as toxic cadaveric alkaloids, ptomaines, toxins, toxal- 
b u m i n s , and t o x e n z y m e s . In their action some of them resemble 
the vegetable alkaloids, and some of them manifest the action of ferments. 
In cases in which death occurs there is usually present, in addition to 
evidence of irritation of the gastrointestinal canal (vomiting, diarrhea)^ 
only cloudy swelling of the heart muscle and of the large glandular 
organs. 

Toxins and toxalbumins are amorphous colloidal, more or less 
thermolabile products of cellular activity which are not characterized 
by definite chemic properties or constitution, but solely by their phys- 
iologic reactions. The supposition that they are toxic albumin bodies 
has thus far not been established. Toxins produced naturally by the 
animal body are frequently and perhaps always mixtures of substances 
differing in action, as is true, according to Ehrlich, also of diphtheria 
toxin and other bacterial toxins. 

Putrefactive toxins are substances elaborated by micro-organisms, 
I.C., either during the metabolism of these forms of life or in the process 
of decomposition produced by them in their nutrient media. A chem- 
icly well-characterized group of putrefactive substances are basic bodies. 
Scpsin, derived from decomposed yeast, and other substances discovered 
by Selmi and Brieger and others belong to the group of bodies desig- 
nated by Selmi as ptomaines or cadaveric alkaloids, i.c., 
to the series of amines, diamines, and ammonium bases. Some of these 
substances, e.g., cadaverin (pcntamethylendiamin) and piitrcscin (tetra- 
methylendiamin), are nontoxic; only a small number, such as neurin, 
muscarin, and mydalein, belong to the strongly active poisons. It cannot 
be said which of these substances play a role in intoxication with putre- 
factive substances. Sepsin, according to the bacteriologic investigations 
of E. Levy, seems to be a product of Hauser’s proteus bacillus ; accord- 
ing to Faust, it is a dioxycadaverin. 

The phenomena resembling the symptoms of cholera or of acute 
arsenic poisoning present in sepsin poisoning in animals render it prob- 
able that choleriform food poisonings are due to sepsin or an allied 
toxin. The pathogenesis of these intoxications is still obscure. 

The poisonings observed after ingestion of ‘'tainted*^ meat, sausage, 
fish, cheese, and vegetables may be placed in three groups. The toxic 
phenomena occur rapidly, because the poison enters the body in suffi- 
cient amount preformed. 

1. The first group of meat poisonings is produced by the flesh of 
animals which, before slaughtering, suffered from pyemic or analogous 
purulent affections, or from enteric disease produced by so-^called en- 
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teritis bacteria, the first of which to l^e accurately studied was the 
Bacillus entcritidis (Gartner). Here, however, the process is not sim- 
ply the transference of bacteria, but also incorporation of thermostabile 
toxins. In other cases the toxin of the bacilli demonstrated in sausage 
is destroyed by heat. The enteritis bacteria in question belong to the 
typhoid and coH group of bacilli. Some of them resemble the Bacillus 
paratyphoid-B and Loffler’s mouse-typhoid; others, to which Gartner’s 
bacillus belongs, are related to the typhoid bacillus. 

2. The second group of meat poisonings is due to micro-organisms 
which enter the flesh after death of the animal. I^ronounced putrefac- 
tion need not be present. Here, in addition to intoxication, infection 
also exists, whether with the proteus or colon bacillus. In these two 
forms the toxic effects are manifested essentially by violent gastroin- 
testinal disturbances (diarrhea, colic, vomiting) which sometimes ter- 
minate fatally. 

3. The third group of meat poisonings is a severe and often fatal 
disease state which represents a pure intoxication, and is observed after 
ingestion of “decomposed” sausage, ham, fish, and even vegetables. The 
poisoning, called “botulism,” is due to a strong, thermolabile 
neurotoxin (botulin, p tom a tropin), elaborated by the Bacillus 
hotiilinus (van Ermengem), and which attacks the nerve-centers. The 
bacillus and its toxin may be present in food wliich appears entirely 
unaltered or sometimes has an odor of butyric acid — the product of 
numerous anaerobes. In experiment animals (cats), as in man, there 
are ocular disturbances {})tosis, mydriasis; in man demonstrable paral- 
ysis of accommodation and diplopia), then paralysis of deglutition, paral- 
ysis of the vocal cords and of the extremities. Death follows under 
Inilbar symptoms. Anatomicly, aside from hyperemia of the organs, 
alterations in the ganglion cells of the central organs have been described. 
iJotulism is a pure bacterial ititoxication, for the bacteria do not increase 
in the body of the victim ; it, therefore, resembles tetanus. 

Autointoxication. — The domain of autointoxication is essen- 
tially chemic. By some authorities autointoxication is regarded as due 
to retention — resorption — of normal or abnormal metabolic products 
which should be eliminated. The precision of this definition, however, 
has been somewhat invalidated by the failure of many sharply to dis- 
tinguish between toxic intermediate or end products, originating during 
cliemic processes occurring within the cells and tissues, and toxic bodies 
formed within the organism by the action of micro-organisms and ani- 
nial parasites. For example, the effects of the toxins produced in intes- 
tinal putrefaction or in decomposition of the urine in the bladder solely 
'’y bacterial influence, and frequently also the still hypothetic toxins of 
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intestinal worms (bothriocephalus, ankylostomum), are almost univcr- 
sally classed with the autointoxications, while the toxins elaborated by 
pathogenic schizomycetcs are relegated to another domain of pathology. 

Disturbance (alteration, diminution, or lack) of function of certain 
secretory or excretory organs and occlusion of excretory ducts result- 
ing in retention and absorption of secretion lead to accumulation of 
toxic metabolic substances and to corresponding sequelae. The kidneys, 
liver, suprarenals, thyroid gland, etc., serve for the removal or excretion 
of poisons or elaboration of substances necessary for the performance 
of normal function. Uremia and diabetic coma unquestionably are 
forms of poisoning, and the cachexia of cholemia, myxeilema, and malig- 
nant tumors may likewise be classed here. An excellent example of 
autointoxication is tetany, an affection characterized by intermittent 
spasms of the muscles of the upper extremities, and referred to dis- 
turbance in the parathyroids {tetania parathyrcopriva) y dilation of the 
stomach, etc. Many other affections (chlorosis, pernicious anemia, 
etc.) are interpreted as intoxications. As regards Basedow's disease, 
the negative pathologicoanatomic findings indicate a functional, nervous, 
or chemic origin, probably the latter. The suprarenals must exert a 
function of a chemic nature, since their destruction or extirpation leads 
to autointoxication. 

By rapid and abundant disintegration of body substances, particu- 
larly of albumin, combustion of the acid intennediate products of me- 
tabolism does not occur; these flood the tissues and blood, and cause 
an acid intoxication : acidosis. 

Besides the well-known products of metabolism, such as carbon 
dioxide, biliary acids, ammonia, carbaminic acid, oxalic acid, sulphureted 
hydrogen, which under certain circumstances are toxic, many others, 
such as acetone; diacetic, lactic, and oxybutyric acid; cholin; the 
phenols and toxins formed in intestinal putrefaction, etc., are brought 
into relation with autointoxication; also such as are assumed or sup- 
posed to exist in the urine or blood-plasma of patients, as indicated by 
toxic effects produced in experiment animals. 

That abnormal acid formation in metabolism, whether oxybutyric, 
lactic or another acid, in the form of general acidosis, may cause severe 
autointoxication can, according to recent investigations, no longer be 
doubted. On the other hand, it is questionable whether acetone is of any 
importance in this respect. 

In ammoniemia (ammoniacal fermentation of urine in the 
bladder), cholemia (icterus gravis), and uremia the toxic effects 
of ammonia, of the biliary constituents, and of the waste products of 
metabolism normally excreted through the kidneys play a more Of less 
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decided role, but they by no means suffice to cause all the phenomena 
manifested in these intoxications. 

The occurrence of c hoi in in the blood and in the cerebrospinal 
fluid in affections of the nervous system has recently been investigated 
by various authors. A positive finding is by some regarded as a result 
of pathologic disintegration of nerve substance (lecithin, etc.) and as 
of diagnostic significance. On the other hand, the possibility of auto- 
intoxication by the continued action of cholin has also been emphasized. 
The toxicity of cholin, as is known, is slight. Recent investigations 
confirm that it is not demonstrable unaltered in the urine after inges- 
tion of relatively large amounts, and that it is decomjxjsed in normal 
metabolism. 

Uremia. — The nature of this form of autointoxication, which is 
due to insufficient excretion of the substances eliminated by the kidneys, 
is still obscure. It is not known whether the symptoms are due to re- 
tention of the normal urinary constituents or to abnormal products 
produced in the nephritic process. Uremic intestinal diphtheria, the 
uremic pericarditis, and the increase of blood-pressure and cardiac 
hypertrophy are referred to the action of the toxic substances. 

Affection of both kidneys, as in chronic nephritis, causes various disturbances. 
Those substances which should lx‘ eliminated are not excreted by the kidneys; 
some are retained within the body and produce toxic action : autointoxication. 
This retention of vr inary constituents in the blood is called “uremia.” All these 
toxic substances are conveyed with the blood to the organs and undoubtedly injure 
the nutrition of the cells (protoplasmic poison). The more chronic the disease, 
the more anemic the patient becomes ; the coexistent emaciation is usually somewhat 
obscured by the edema that is present. The toxins mixed with the blood exert an 
action upon the brain-cortex (convulsions, etc., true uremia) ; upon the eye 
(retinitis albuminurica) and the vascular system. The protracted contraction of 
the arteries (hard, tense pulse), likewise a toxic effect, causes hypertrophy of the 
left ventricle and further circulatory disturbances. 

Eclampsia gravidarum is by some regarded as uremia. Since, 
however, nephritis may sometimes be absent and certain alterations 
occur in eclamptics (necrotic hemorrhagic foci in the liver with capil- 
lary thrpmbosis) which are lacking in uremia, it is generally regarded 
as a peculiar form of autointoxication of pregnant women, the origin 
of which is referred to the placenta and is favorably influenced by 
niterruption of pregnancy. The hypereinesis observed in many gravid 
females also is accepted as of toxic origin. 

An ingenious explanation has been offered by Dienst,^ according to which 
' clampsia is an affection produced by fibrin ferment ; and nephritis of pregnancy and 


Urch, f. Gyn., 1910, Bd. 90, H. 3. 
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even the hydropsic states without albuminuria in pregnancy are to be regarded as 
in a measure precursors, prestadia, of eclampsia. Not only in nephritis of pregnancy, 
but also in eclampsia, he was able constantly to find many niultinucleated, i.r., old, 
leucocytes in the blood ; in still greater numbers during labor and most abundantly 
after parturition. In nephritis of pregnancy these leucocytes gradually and slowly 
decrease in number a few days after parturition. The severity of the clinic symp- 
toms goes parallel to the number of these multinucleated leucocytes. The difference 
between the nephritis of pregnancy and eclampsia is essentially that in eclampsia a 
quite sudden increase in the number of these leucocytes occurs during the uterine 
contractions and often not until just after parturition (puerperal eclampsia), and 
that with occurrence of convulsions an equally rapid diminution of the multi- 
nucleated cells takes place within a few hours, which indicates a marked production 
of fibrinogen and fibrin-ferment. The available protective substances within the 
body are sufficient to combat this sudden, great augmentation of multinucleated 
leucocytes and their products of disintegration — the liberated fibrin-ferment — ^and 
consequently there form in the smaller vessels numerous thromboses, which, by 
offering great resistance to the circulation, cause fluctuations in the cerebral pressure 
and thus excite convulsions. The accumulation of multinucleated leucocytes in 
eclampsia is referred to venous congestion of the small pelvis and the lower ex- 
tremities during pregnancy. This must be particularly marked in those cases in 
which eclampsia occurs. By the uterine contractions and diminution in the size 
of the uterus, this pressure is quite suddenly suspended, and the abundant entrance 
of leucocytes into the general circulation is thus explained. In addition to this 
pressure, it is assumed that a congenital idiopathic h 3 rperIeucocytosis exists in sub- 
jects who subsequently develop eclampsia, as well as in nephritis of pregnancy and 
in the hydropsic states of pregnancy. (See p. 324.) 

Gout, arthritis uratica s, urica, is generally regarded as a manifesta- 
tion of so-called uric acid diathesis: accumulation of uric acid in the 
juices of the body. This accumulation may occur as the result of increased 
formation as well as from diminished excretion. While the chief symp- 
toms are usually limited to the joints, the process may involve the internal 
organs, especially the kidneys. In about 50 per cent, of the cases there 
is a hereditary history. Chronic lead poisoning is said to be a frequent 
cause. Deposits of uric acid occur in the renal epithelia ; these are followed 
by contraction of the cortical interstitial connective tissue, which may re- 
sult in contracted (so-called gouty) kidney. Hypertrophy and dilation 
are observed in the heart. Garrod regards gout as the result of dimin- 
ished excretion of uric acid ; that the kidneys, even in the earliest stages, 
functionate defectively, and, hence, uric acid accumulates in the blood. 
When this reaches a certain degree, separation, first of fluid, later of 
crystalline urates, occurs under the influence of slight causes, e.g., cold, 
trauma, etc., and thus gout is established. This theory has found wide 
acceptance, but presents certain points of weakness, chief of which is the 
assumption of primary renal insufficiency. Ebstein believes the locality 
of increased uric acid formation is in the muscles, and especially in the 
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bone-marrow, whence it is conveyed to the general circulation through the 
narrow channels of the cartilage; in these channels congestion may 
readily occur and result in deposition of soluble neutral urates in the 
cartilage which cause acute inflammation. Necrotic foci originate in the 
affected cartilage, and in tliese localities, under the influence of the acid 
reaction of the dead tissues, crystalline urates are deposited. Ebstein 
admits Garrod’s hypothesis only for primary renal gout. Pfeiffer is of 
the opinion that the uric acid in gouty subjects circulates in a readily 
precipitable form (designated by him as '‘free acid”), and, therefore, 
deposition of its salts in the joints, as well as the formation of tophi 
without inflammation, occurs in regions in which local necrotic foci have 
resulted from trauma. Ha sudden increase of the alkalinity of the juices 
now occurs, part of the deposited uric acid is dissolved and the uric acid 
going into solution produces the inflammatory ])rocess. Pfeiffer sup- 
ports his view on the basis of observation of the uric acid in the urine of 
gouty subjects and on the fact that the use of alkaline mineral waters is 
sometimes followed by attacks of gout. 

The occurrence of toxic metabolic products in the urine of normal 
and diseased individuals may also be considered in connection with auto- 
intoxication. It has been found that the urine of healthy and diseased 
l)ersons, when injected intravenously into animals, is more or less toxic. 
The toxicity of the urine in various diseases has been studied particu- 
larly by the French and designated as the urotoxic coefficient 
(llouchard). These investigators, however, were unable to isolate any 
definite toxin from the urine. From the urine of healthy women there 
has recently been obtained in pure form and analyzed a number of more 
or less toxic bases (inetbylguanidin, novain, rcductionovain, gynesin, 
mingin, vitiatin). According to their constitution, novain and reductio- 
novain resemble cbolin; methylguanidin and vitiatin resemble kreatin. 
Very little is known regarding their toxicity and mode of action. 

Diabetes. — It is assumed that from the normal pancreas by an 
‘internal secretion” a substance enters the body which is necessary for 
the assimilation of the sugar in the liver and muscles, and the absence 
of whiclj leads to accumulation of sugar in the blood and to its excre- 
tion with the urine. ^ Besides, there often occur in the blood and urine 
an abundance of acetone and acetoacetic acid; to these, as well as 
to ^-oxybutyric acid, are attributed the development of nervous dis- 
turbances, cephalalgia, “neuritic” phenomena (nerve degeneration), neu- 

^ The theory of an internal secretion of the pancreas is thus far an unproved 
hypothesis. The absence of diabetes in spite of total destruction of the pancreas 
iind its occurrence in spite of complete preservation of this gland render it }>robable 
^hat carbohydrate metabolism is regulated not by a hypothetic product of internal 
accretion, but by a nervous mechanism. 



344 


POISONING. 


ralgias, and, finally, the often fatal diabetic coma. The latter is fre- 
quently interpreted as an acid intoxication. These substances appear 
to have no distinct relation to the sugar excretion, because they do not 
regularly occur in experimental diabetes following pancreas extirpation. 
In man the pancreas is almost never entirely destroyed, and sometimes 
scarcely distinctly altered; alterations often found are simple or lipo- 
matous atrophy, cirrhosis, sometimes calculous formation; by some 
authorities especial emphasis is laid upon destruction of the islands of 
Langerhans. There is no scientific basis for the assertion that the 
Jewish race is more liable to diabetes than other races. 

Disturbances^ of the secretion of the ductless Otgans, such as 
the suprarenals, ovaries, thyroid, parathyroids, pituitary gland, etc. The 
functional connection of certain of these glandular organs with other 
parts of the body has long been recognized for the genital sphere, but 
the nervous system was regarded as the agency in the correlation. It 
is now known that these glands elaborate a secretion and impart it to 
the body fluids, and that the disturbances of correlation resulting from 
their destruction cannot depend upon a nerve lesion, since the pathologic 
consequences are removable by transplantation of the glands and even 
by administration of their chemic substances in the form of juice, tablets, 
etc. (See Basedow's Disease.) 

Recent investigations have thrown much light upon the subject of chemic 
interaction within the organism. While it was long ago showr that the liver con- 
tinues and completes the chemic work of the intestinal juices, it has only lately 
been learned that functional excitation and stimulation to growth also are due to 
variously constituted chcniic substances designated by Starling as hormones 
= excite). Although we are still far from a knowledge of the chemic agents and 
the nature of the impulse to cellular activity, certain observations have prepared 
the way to this information. An example of such “stimuli’' is CO2, which not only 
excites respiration in the newborn, but continuously maintains the function of the 
respiratory center. CO2, therefore, is a specific irritant for the medulla oblongata. 
The secretory products of the intestinal canal, such as the secretion of bile and of 
the intestinal and pancreatic juices after entrance of the chyme into the duodenum, 
are not excited by nervous stimulus, but by a “secretin*' elaborated by the 
intestinal mucosa which enters the blood and excites the glandular secretions in 
question. In the hypertrophy of the lacteal glands and the secretion of milk in 
pregnancy, there is no action of the genitalia with co-operation of the nervous 
system; for repeated injections of extract of rabbit feti into the body of virgin 
rabbits produce not only a hypertrophy of the mammary glands of these animals 

* In regard to both diabetes and Addison’s disease, general disturbance of the 
organism is usually absent when carcinoma has destroyed the substance of the 
pancreas or suprarenals respectively. According to Hansemann, it may be possible 
that the carcinoma-cells derived from the epithelia of cither of these glands still 
preserve sufficient of the original peculiarities to enable them to fulfill the function 
of the mother-cells and thus to prevent the appearance of the general disturbances 
(diabetes, Addison's disease) which occur on destruction of these organs. 
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corresponding to the enlargement observed in pregnancy, but also a secretion of 
milk in the glands. Only embryonic tissue is capable of exerting such an effect 
upon the development of the genitalia. Perhaps the fact that some tumors in 
childhood (r.p., teratomata of the pineal gland and others) may be accompanied 
by premature development of the genitalia can be explained in an analogous manner 
through the agency of “hormones” which originate in tumors with embryonal tissue 
(Askanazy). 

The suprarenals are organs which may give rise to disturbances 
in organ correlation. Here may be mentioned the hypoplasia of the 
suprarenals in arrested development of the cerebrum (anencephalia, 
etc.). This hypoplasia of the ‘suprarenals has been regarded only as 
defective development of the chromaffin elements of the medulla of 
the suprarenals, which belong to the sympathetic nervous system. In such 
suprarenals, however, the cortex also is hypoplastic. In the suprarenals 
we know the chemic nature of at least one of the secretory products 
(adrenalin), which is formed by the chromaffin tissue. It increases 
blood-pressure and is, perhaps, responsible for the preservation of the 
normal vascular tonus. Owing to the constancy of anatomic alterations 
(usually tuberculosis, rarer tumors, fibrosis) of tlie suprarenals in 
Addison’s disease, the latter affection must be regarded as in some way 
cannected with the lesions of these glands : to atrophy of the chromaffin 
system. Sometimes the affection of the suprarenals is unilateral, the 
other gland beinjj congenitally absent. 

The term chromaffin is applied to cells which belong to the sym- 
pathetic nervous system, and are characterized by an affinity for chromic 
acid salts (yellow or yellowish-brown coloration in solutions of chromic 
acid salts). The term phaeochrome = blackish, brown) also 

is employed to designate this reaction. Chromaffin cells are found in 
the sympathetic, the suprarenals (medulla), carotid glands, coccygeal 
glands. As the medulla of the suprarenals is derived from the sym- 
pathetic, these glands, with the coccygeal and carotid glands, because 
of their content of chromaffin cells, nerve-fibers, and ganglion cells, are 
classed as “paraganglia.” From the coccygeal and carotid 
glands, tumors may originate which contain chromaffin cells, in the 
carotids often wrongly designated as peritheliomata. 

Alterations of the pineal gland are, perhaps, the cause of 
metabolic disturbances (local in general adipositas). 

Extirpation of the th3rroid produces a severe cachexia (cachexia 
thyreopriva, strumipriva) which embarrasses not only the body, but also 
Ibe mental functions, resulting finally in death from marasmus. The 
J^equelae of thyroidectomy progress under symptoms of intoxication; 
toxicity of the blood of thyroidectomized animals has been observed. 
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The nature of the metabolic toxin which the thyroidectomizecl organism 
no longer is able to neutralize is unknown. 

Very marked disturbances are produced also by hypertrophy of the 
thyroid, as in Basedow's disease 

The influence of the sexual glands (ovaries, testes) upon 
different portions of the body and the psychic centers is well known: 
puberty, climacteric, aplasia; oophorectomy, castration: eunuch, capon, 
ox. The ovary is said to possess an internal secretion produced by 
the lutein cells of the corjnis luteum. 

Gastrointestinal Autointoxication. —Great significance is at- 
tributed to this form of intoxication. It is regarded as due not only 
to pure endogenous metabolic products of fermentation in the digestive 
tract, but also to products of intestinal bacteria, because in decomix)- 
sitions in the intestine it is difficult to say how much is referable to cer- 
tain disturbances in the activity of the intestinal enzymes, and how much 
to increased activity of the intestinal bacteria. On the other hand, the 
pathologic phenomena attributed to the activity of animal intestinal 
parasites should not be designated as autointoxication; the intestinal 
bacteria as such are physiologic and play a physiologic role in the 
chemism, but not the entozoa. 

Many of the symptoms of gastric catarrh have been attributed to 
autointoxication. Here gastric dilation is to be borne in mind, which 
may produce phenomena of tetany in the absence of all signs of altera- 
tion in the parathyroids. Disturbances occur also as a result of reten- 
tion of intestinal contents, especially in the ileum, which, as a rule, is 
quickly passed by the feces, the latter undergoing physiologic putrefac- 
tion only in the colon. Coprostasis in the small intestine, as occurs in 
atony, paralysis of the intestine (e,g., in peritonitis), and in mechanic 
obstruction of the intestinal lumen, may have the most serious results. 
Here manifest alterations can be found in the urine (indicanuria, cysti- 
nuria), which are due to increased intestinal putrefaction and resorption 
of the putrefactive products. 

Among the substances which may be resorbed in enterogenous 
autointoxication is to be mentioned S[l2, which can be demonstrated 
in the respired air and the urine. In cases of rapid death (one to two 
days) after occlusion of the intestine by a foreign body, e.g., a large 
gall-stone, there is a tendency to speak of autointoxication. Also in the 
severe symptom-complex of acute peritonitis, autointoxication is assigned 
a role from paralysis of the intestine. 

By many authorities sclerosis of the liver and kidneys is referred 
to resorption of toxic substances in chronic intestinal disturbances. 
There seems to be some foundation for the belief that many arterio- 
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sclerotic conditions are due to prolonged continuous influence of toxins 
absorbed from the intestinal tract. Although the liver is usually the 
organ most markedly involved (sclerosis), the toxins sooner or later 
pass this barrier and act upon other organs the kidneys), espe- 

cially the arteries, the nutrition thus being impaired. The parenchyma 
is gradually and insidiously destroyed (parenchymatous degeneration), 
and slowly substituted by fibrous connective tissue. 

Another source of disturbance is disease of the liver and 
biliary ducts. When discharge of the bile through the natural 
channels into the intestine is interfered with or when, owing to dis- 
ease of the liver-cells, it is insufficiently excreted or secreted in false 
direction, i.e,, into the tissue-spaces (p a r a p e d e s i s) , icteniS oc- 
curs, i.r., absori)tion of bile constituents into the blood (cholemia). 
Even in sim])le icterus these morbid admixtures may produce, aside from 
the abnormal discoloration, disturbances in the form of languor, in- 
creased exhaustion, pruritus, somnolence, slowing of the pulse. When 
the icterus is intense and chronic {icterus gravis, e.g., in carcinoma of 
the bile-ducts or the head of the pancreas ) , severe cerebral phenomena 
(coma) and .so-called hemorrhagic diathesis occur, i.c., a disposition to 
hemorrhages wliich often are difficult to arrest. This should be borne 
in mind in of)erations upon jaundiced patients, since such subjects may 
die from hemorrhage after a relatively uncomplicated gall-bladder op- 
eration. The substances which enter the circulation and produce this 
cholemia are bile-coloring matters: the biliary acid salts. Ammonia 
salts, leucin, and phenol also are to be considered in this autotoxic effect. 
The conditions are more complex when the liver itself is markedly dis- 
eased and no longer is able to perform its important synthetic and 
detoxicating function. Then an hepatogenous autointoxication may 
occur without icterus. In such chemic hepatic insufficiency the for- 
mation of urea and fixation of glycogen are affected. In rapid de- 
struction of the liver-tissue {c.g,, in .so-called acute yellow atrophy of 
the liver), there can be found in the urine, as well as upon the cut sur- 
face of the liver, chemic evidence (leucin, tyrosin) of disturbance of 
metabolism. In nonicteric atrophic hepatic cirrhosis, al.so similar ter- 
minal manifestations, may develop, clinically with appearance of delir- 
ium and coma. Furthermore, the toxic manifestations of icterus may 
be modified by the sequelae of hepatic insufficiency. 



ALTERATIONS CAUSED BY ANIMAL AND 
VEGETABLE ORGANISMS, INCLUDING 
THE INFECTIOUS DISEASES. 

I. ALTERATIONS CAUSED BY ANIMAL PARASITES. 

Owing to their nutritional requirements, the animal parasites^ are 
assigned, either continuously or temporarily, during certain stages of 
their development, to a sojourn within or upon the bodies of other 
animals. Their relation to other animals is, therefore, one of nutritive 
dependence, in which respect they differ from pseudo- or false para- 
sites (ova and larvae of flies, earwigs, etc.), the residence of which in 
man is rather accidental {e.g., in wounds). 

Some of the parasites always remain upon the surface (epizoa: 
fleas, lice, hair-sac mite: steatozodn, or Dcmodcx folliculorutn; and 
entOZOa: Oxyuris vcrmicularis: pin-worm; Ascaris lumbric aides, 
ankylostoma, and others ) ; others enter the parenchyma of or- 
gans (organozoa: itch-mite: Sarcoptcs scabiei; trichina, sand-flea: 
Sarcopsylla penetrans; filaria, cysticercus, echinococcus, etc.), and, 
finally, a few take up their abode principally in the b 1 o o d ( hematOZOa: 
Schistosomum heematobium, Hamamaba malaria’). 

In southern regions, especially in the tropics, the number of animal 
parasites is considerably larger than in temperate countries, partly be- 
cause of climatic conditions, but partly also on account of the lower 
state of civilization (insufficient cleanliness, consumption of raw food, 
deficient clothing, bad dwellings). Some parasites are dependent dur- 
ing the whole period of their existence upon the human body (e.g., the 
mites: acarina) ; others (e.g., teniae) are able to complete within man 
only certain periods of development, and in order further to develop — 
i.c., owing to conditions of nutrition — they must temporarily be trans- 
mitted to animals, especially domesticated animals. Others, for example, 

1 A parasite is an organism that inhabits another organism and obtains 
nourishment from it. It may be a phyto- (vegetable) parasite or a zoo- (animal) 
parasite; an ectoparasite (epizodn, epiphyte) or an endoparasite (entozoon, 
endophyte); occasional or constant; temporary or stationary; obligate or faculta- 
tive ; a true or a pseudo- parasite. Parasites that attain their full develt^ment upon 
or within a single host are said to be autecious or autoxenous; those that pass 
different stages of development upon or within different hosts are said to be 
heterecious or metecious. Accidental parasites are those which, though ordinarily 
not parasitic, have found entrance into the body. (Gould.) 

(348) 
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the female of the sand-flea, seek the human body in order simply to 
deposit their ova. Many, like the trichina, possess the ability actively to 
penetrate the human tissues;* others are less harmful and, at most, are 
passively transported to more important localities. 

The behavior of the human organism toward these parasites is quite 
variable. Delicate persons, especially children, react very energeticly 
(convulsions) even to intestinal parasites which per sv are harmless, 
while in others their presence is noted only incidentally. Many para- 
sites produce very violent local alterations ; others, according to the vital 
importance of the organ attacked, are sometimes dangerous, sometimes 
harmless; in the latter case they frequently remain unnoticed. For 
example, cysticerci of the arachnoid often remain undetected until 
necropsy, while in other localities, e.g., in the large ganglia of the brain, 
they give rise to severe pathologic phenomena. In like manner an 
echinococcus of the liver which has died prematurely may remain 
unnoticed, while a large suppurating echinococcus cyst of the liver 
frequently causes death. 

The animal parasites of man belong to the arthropoda, the vermeay 
and the protozoa. 

The arthropoda joint; iroSos — foot) are animals with 

a laterally symmetric body and usually distinctly articulated (foot-like) 
appendages. The sexes arc separate almost throughout. Of these, 
two classes occu/ in man: insecta and arachnoidea. 

The class insecta is represented by the order hemiptera (aptcra^) 
and the order diptcra? 

To the order diptera (two-winged; with sucking-mouth parts; 
large, composite eyes; membranous anterior wings, and jx)sterior wings 
reduced to small appendages; poisers, haltcres) belong the flea {Fulex 
irritans), the sand-flea {Sarcopsylla penetrans), and the flies {braehy^ 
rera). 

The male of the ordinary flea {Fulex irritans) is 2 to 2^/2 mm., and 
the female 4 mm. in length. It sucks the blood and produces a charac- 
teristic papule, of variable size, with a small, central, punctiform ecchy- 
luosis, surrounded by a slight area of hyperemia, which soon disap- 
pears. Urticaria is a rare sequela. The bite of the flea is accompanied 
hy marked itching. The ova are deposited in the soil, rarely upon the 
human host. 

The sand-flea; Sareopsylla penetrans (in Central and South 
America, Africa, and Asia), is yellowish brown in color and about 1 
Jnm. in length. The fecundated female penetrates the skin of the feet, 

^ A ptera « without wings. 

*^lTT€pof sss ^ith two wings. 
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especially the region of the toes, occasionally also that of the legs and 
scrotum. It increases in size as the result of the development of the 
ova, and produces a whitish nodule the dimensions of a small pea, in 
which the head appears as a brown punctum. It excites inflammatory, 
suppurative, and ulcerative processes. Its presence sometimes causes 
no disturbance. 

Myiasis*— The larvae of flies (brachycera) occur under the skin 
and upon the adjacent mucous membranes (nose, mouth, bronchi, lungs, 
urethra, vagina, etc.) and body cavities {Myiasis externa), or the intes- 
tinal tract (Myiasis interna s, intestinalis). 

The flies Lucilia macellaria (in America) and Sarcophaga znag- 



Fig. 128 . — Auchmeromyia luteola, Fabr. 


nifica (in Europe, especially in Russia) deposit their ova during the day in 
cutaneous ulcers, the nose, and auditory canal of persons sleeping in 
the open. The larvae may produce marked destruction of the soft parts 
and even of the cartilage. They have been observed in the nose, antrum 
of Highmore, and frontal sinus, and may enter the conjunctival sac, the 
eye, the tympanic cavity, and even the cavities of the skull, causing 
meningitis and cerebral abscess. 

The larvae of Hypoderma bovis and Hypoderma diana occasionally 
enter the human skin, wander subcutaneously, and produce large, painful 
furunculous nodules, which may result in gangrene. At the side of the 
nodule is an aperture through which the larvae breathe and discharge 
their excreta. 

Auchmeromyia luteola (Fabr.), in tropic and subtropic Africa. 
(See Fig. 128.) The fly does not bite, but the larvae are blood-suckers. 
The larvae remain in the soil during the day, emerging at night to suck 
human blood. 
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Myiasis of the stomach and intestines is rare. Larval 
infection may take place through contaminated food, especially when 
the gastric secretions are disturbed, perhaps also per anum. In chronic 
intestinal myiasis, in which larvae may be passed in the stools at inter- 
vals for years, disturbances of the colon (pseudomembranous mucous 
colitis) are present, and intestinal ulceration and even stenosis have been 
observed. 

For other flies sec Sleeping Sickness, Malaria, and Yellow Fever. 

To the order hemiptera (or suborder aptcra: wingless insects 
with sucking-mouth parts, indistinctly articulated thorax ; large, nine- 
ringed metathorax, small eyes) belong the head-louse {Pcdiculus capitis), 
the body-louse or clothes-louse (Pcdiculus vestimenti or corporis), the 
brow-louse (Pcdiculus palpebrarum), the distemper-louse (Pcdiculus 



Fig. 129. — Phthirius pubis (crab-lousc). (After Lattdois.) 


tahcsccntium), and tlie crab-louse or pubic louse (Phthirius pubis, 
Pcdiculus pubis, Pcdiculus inguinalis) , 

The head-louse (Ih'diculus capitis), the male of which is 1 to 
IK* nun., and the female about 2 mm., in length, inhabits exclusively 
the hairy parts of the head. The ova, called “nits,'' are about 0.6 mm. 
and adhere to the hairs. This parasite occurs especially in children and 
filthy adults. As a result of frequent .scratching (incited by the intense 
itching caused by the bite of the insect) moist, pustulous, scabbed, 
eczematous patches develop, which may extend to the skin of the face. 

The clothes- or body- louse (Pcdiculus vestimenti) is from 2 
to 4 mm. in length, and inhabits folds and seams of the underclothing 
( ''hirt, etc.), where it also deposits its ova. It occurs especially in 
•senile and filthy individuals, and seeks the body of man in order to 
suck his blood, leaving small papules. As these are attended by itching, 
excoriations and eczematous states are produced as a result of scratch- 
ing, especially between the shoulder-blades, upon the trunk, and nates. 
T he excoriations sometimes go on to pirstulation and abscess formation, 
which invariably result in pigmentation: ^"vagabond’s skin” (resembling 
that in Addison’s disease) and small cicatrices. 


352 ALTERATIONS CAUSED BY ANIMAL PARASITES. 

The crab-louse {Phthirius pubis) is about 1 mm. in length; the 
female somewhat larger. The ova are pear-shaped and measure 0.8 
X 0.4 mm., and are arranged in rows upon the hairs. It usually occurs 
only among the pubic hairs, but occasionally it advances farther: to 
the axillae and even to the eyebrows (brow-louse), but not to the scalp. 
As the accompanying pruritus is not as aggravating as in the case of 
the previously mentioned lice, eczema is less frequent. Sometimes pale- 
bluish spots {macula* cccrulecc) are observed upon the skin of the breast, 
abdomen, and thigh. It is transmitted during coitus. 

Acanthia lectularia {Cimex lectularius) , bedbug, is brownish red 
in color, 5x3 mm. in size; the ova are white and measure about 1 
mm. They inhabit the mattresses and crevices of beds, the spaces 



Fig. 130. — Sarcoptes scabici. Female seen from above and below. 

(After Gudden.) 

beneath carpets, crevices in furniture, walls, etc., whence they emerge 
at night to suck human blood. The bile produces an itching papule, 
upon which, on scratching, a bloody scab forms. 

The class arachnoidea (spiders, mites, etc.) is represented by 
the order acarina and linguatuHdcc. 

To the acarina (mites with biting or sucking-mouth parts, indis- 
tinct separation of head, thorax, and metathorax, tracheal respiration, 
and chitinous, bristly, and spiculated cuticula) belong the itch-mite 
{Sarcoptes scabiei) and the hair-sac mite {A earns folliculorum) . 

The itch-mite: Sarcoptes scabici, of which there are several species 
(the female 0.3 to 0.5 mm., the male 0.2 to 0.3 mm., in length), pro- 
duces in man the condition known as scabies, itch (in dogs, mange). 
Gaining access to the skin, it penetrates the outer skin, makes more or 
less slanting channels in the epidermis, and advances to the papillary 
bodies. The female fills the channels with her eggs. This mite has a 
shield-formed, yellowish-white body, with large feet (four pairs), which 
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are covered with bristles, the two anterior pair supplied with pedun- 
culated suckers. Upon the dorsum are numerous transverse folds and 
spicula. The ova-filled channels in the epidermis attain a length of 
3 cm., are usually crescentic or slightly spiral in form, and possess two 
ends: the cephalic end — the point of entrance of the mite and where 
a small papule, vesicle, or pustule generally develops which soon dries — 
and the caudal end, which frequently is visible as a small, white punc- 
tum. The channel, in j)art at least, appears dark as the result of accii- 
nuilated dirt. The mite is located at the terminal (caudal) end of the 
channel. Frequently an elongated, reddish swelling is seen instead of 
the dark mite-channel. The points of predilection of the itch-mite are 



Fig. 131. — Acarus follionlorum Fig. 132, — The same with 

with low inagnification. high magnification. 


the lateral aspects of the fingers, the region of the finger-web, the hand- 
( wrist) and elbow- joints, the anterior axillary folds, the navel, the 
penis, and, in jiersons with delicate skin, the epidermis of the palms of 
the hands and the soles of the feet, 'flic itch-mite cal 1 ^es violent pru- 
ritus, which excites to repeated scratching (hence: itch: scabies; 
from scabcrc, to scratch). This, in turn, leads to an eczema, wdiich 
sometimes terminates in pustulous and deep inflammations : lymphangitis 
and lymphadenitis. Infection takes place by direct contact, c,g,, by 
Cohabitation, and also by clothing. In neglected cases abundant epi- 
dennoidal crusts may form which contain mites, ova, and larvae. 

The hair-sac mite, Demodrx folliculorum (0.3 to 0.4 mm. in length), 
occurs in groups and creeps into the hair-sacs, sebaceous and Meibomian 
glands, the head directed inw^ard. In dogs and swine they are often 
numerous that they cause alopecia. The hair-sac mite is elongated, 
with a worm-shaped, attenuated posterior body. It has four short, 

23 
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stumpy feet upon the anterior portion of the body. It very frequently 
occurs in man witlwut giving rise to symptoms. 

Argas reflexus, pigeon-tick (see Fig. 133), is dirty gray in color, 
about 5 mm. in breadth, 7 mm. in length, and covered with a mosaic- 
like shell. It has four pairs of legs, the snout lying in front of the first 
pair. In the fasting state it is flat, but when gorged with blood it often 
is enlarged to many times its former size. It usually is confined to the 
bodies of pigeons ; occasionally, however, it attacks man, sucking his 
blood only at night. Erysipelatoid eruption, severe inflammatory edema 
of the skin and mucous membranes, and distressing asthma are, according 
to Alt, disturbances caused by it. 

The larvae of various species of trombidium: Leptus autumnalis s. 
irritans, '‘chigger,” grass-, gooseberry-, or harvest- mite, harvest-bug, are 



Fig. 133. — Argas reflexus. X 4. (After -*///.) 

prevalent in midsummer and autumn upon grasses and bushes. The 
reddisli-brown mites, which are recognizable with the naked eye, pene- 
trate the uncovered portions of the skin and produce erythematous, 
urticarial, and eczematous processes, accompanied by itching and some- 
times by febrile phenomena. 

Ixodes reduvius, common, dog-, or wood- tick, the male of which 
is 1 to 2 mm,, and red or black in color, the female 4 mm, in length, 
round, and yellowish red, occasionally attacks the unprotected skin of 
man to suck his blood. When the female is gorged with blood, it may 
measure 12 mm. in length. As its name indicates, its habitat is .shrub- 
bery. If the biting parts of the tick become detached and are left in 
the wound, inflammatory processes may develop. Usually the bite is 
unattended by any special disturbance. 

The Kedani (akamushi) mite, observed in Japan, chiefly in indi- 
viduals who handle hemp, is orange-red in color, about 0.16 to 0.38 mm. 
X 0.1 to 0.2 mm., and is provided with red eyes and numerous fine hairs. 
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At the point of lesion a vesicle or scab develops, followed by lymph- 
adenitis, conjunctivitis, a morbilliform exanthem accompanied by fever, 
obstinate constipation, and sometimes delirium. The severe effects of 
the parasite become manifest when the biting mite is injured, appar- 
ently because toxic substances from the body of the mite then exert 
their influence (Askanazy). According to some authorities, the symp- 
toms following the bite of this tick are due to bacterial infection. The 
affection may persist for several wrecks, and occasionally causes death. 

Trombidium tlalsahaute occurs in Mexico, and usually attacks the 
axillae, eyelids, the navel, or prepuce. 

Omithodorus moubata. See Recurrent Fever. 

The order linguatulidae (tongue-worms) has but two represen- 
tatives: Linyuatula rhinaria and Porocephalns constrictus. The lingua- 
tulidje are arachnoidea altered by their parasitism. 

Linguatula rhinaria s. pentastoma taenoidcs is an elongated, flat, 
worm-like parasite, tapering slightly toward the caudal extremity. The 
male is white and measures 20 x 3 mm., the female is yellowdsh and 
measures 130 x 10 mm. in size. On both sides of the mouth, which 
is situated on the ventral surface and surrounded by a chilinous ring, 
are two retractile hooks. The oval egs are 0.09 x 0.07 mm. The adult 
inhabits the nasal cavity and frontal sinus of a number of mammals, 
especially the dog, in the nasal secretions of which ova containing em- 
bryos are discharged. The adult very rarely occurs in the same locali- 
ties in man, where it produces rhinitis and epistaxis, but the larval form, 
designated as Pentastoma dentienJatnm, is quite frequently observed in 
the internal organs. The larva attains a length of 5 mm., has two pairs 
of hooks, and is composed of from 80 to 90 rings provided with numer- 
ous minute spicula. The parasite is most frequently located in the liver, 
rarer in the spleen, kidneys, or lungs, beneath the peritoneum, in the 
nihmucosa of the intestine, and in the mesenteric glands. At first it 
a))])ears as a small, whitish, slightly curved body within a gray, trans- 
lucent cyst ; later it exists as a calcified body in a dense connective-tissue 
ca))sule. This parasite generally produces no symptoms. ’Infection 
occurs by ingestion of ova containing the embryos, which rupture the 
sliell, penetrate the intestinal wall, and, through the lymph- and blood- 
streams, reach the various tissues, where they become encysted after 
^dxuit six months. 

Porocephalus constrictus {Pcniasiomnni constrictum) is 13 mni. in 
’vngth and 2.2 mm. in breadth, cylindric in shape, milk-white, with 
‘How booklets. Only the larval form has been found. Cases have 
I'^en observed in Egypt and British Africa, the larvae being found in 

liver, tangs, and intestinal mucosa. 
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Worms, vermes, are skeletonless animals with syiniiietric, Hat, or 
cylindric bodies, without organs of locomotion, and in part supplied with 
bristles, hooks, and suckers. Of these only two classes, ncmatclminthes 
and platyclminthcs, occur in man. 

The nematelminthes are represented by only the order nemor- 
todes: round-worms with mouth, intestine, and anus. Here belong of 
the family of ascaridea: the si)ring-worm or maw-worm (pin- or seat- 
worm: O.ryuris vcrmicularis) ^ and the large round-worm {Ascaris 



Fig. 134. — Oxyuris vernhcularis 



Fig. 135. — Two eggs of Oxyuris 

vermicularis. (Zeiss Apochr., 4; Fig. 136. — Oxyuris ver- 

Comp. Ocul., 4. After Langer- niicularis (female and 

hans,) male). (After Leuckart.) 

lumbricoides) ; of the family of filaridca: the thread- or Ouinea- worm 
{Filaria mcdincnsis) and Filaria sanguinis; of the family of tricho- 
trachclidca: the Trichinella (trichina) spiralis and the whip- worm 
(Trichocephalus dispar or Trichtiris trichiura), and, finally, of the 
family strongylidca: Dochmitis ankylostotnum or Ankylostoma duo- 
dcnale, Uncinaria duodcnalis. 

Oxyuris vermicularis is the .smallest and probably also the most 
common of all round-worms. It occurs in the large and small intes- 
tines and vermiform appendix. It has been found also in the nose. 
The male is thread-like in form, 3 to 5 mni. in length; its caudal end 
is coiled. It has a spiculum and two pairs of preanal papiUse. The 
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female is thicker and longer, 8 to 12 mm. in length ; its tail end tapers to 
a point. (See Figs. 136 and 138, It,) At the broad cephalic end is situated 
the triangular mouth, surrounded by three retractile nodules or lips. The 
vulva is situated in the anterior third of the body. The ova most com- 
monly contain segmented yolk, and often embryos, and are only occa- 
sionally observed in the feces. Oxyuris occurs principally in children and 
often produces no symi)tonis ; pruritus of the anus frequently exists, 
sometimes catarrh of the colon and vagina and more rarely (in delicate 
individuals and children) nervous phenomena (convulsions). The 
worms may enter the vagina and rarely the uterus and bladder, and occa- 
sionally they may be expelled from the mouth. They may bore into the 
intestinal mucosa, and rarely enter the peritoneal cavity through the 



Fig. 137. — TWo eggs of Ascaris luinhricoidcs. a, albuminous envelope 
(Zeiss Apochr., 4: (.‘oinp. Ocul, 4. After LanycrJtans.) 

I'allopiaii tubes from the uterus and become fixed in Douglas’s sac. 
Infection occurs per os through agency of contaminated fingers, polluted 
tniits, vegetables, etc. (See Fig. 138, /. (/,) 

Ascaris lumbricoides (^Linne, 1758) aho is of frequent occurrence, 
and generally is located in the jejunum and small intestine. It is cylin- 
dric in shape and tajiering at both extremities. It observed most 
frequently in children. The male is .smaller (up to 250 mm. in length 
and 3 mm. thick) than the female {up to 400 mm. long and 5.5 mm. 
tliick). The caudal end of the male is curved and provided with two 
^])icula (chitin points). The triangular mouth is surrounded by three 
muscular lips. The genital aperture of the female is situated about the 
middle of the body, somewhat nearer the oral opening. Usually only 
a few worms are present, but it often occurs in large numbers (several 
‘mndred) and may induce symptoms of irritation in the intestine. Some 
authorities assume that the symptoms are due to a toxin secreted by 
tile worm. The worms may wander to the stomach, esojdiagus, oral 
<‘'ivity, trachea, etc. They may enter also the ducts of the liver and 
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pancreas, and even perforate the intestine and enter the peritoneal cavity 
or the bladder, and be voided with the urine. Numerous ova are always 
found in the intestinal contents and can readily be demonstrated in the 
feces. Infection occurs through water and soil. (See Figs. 137 and 
138, a, b, r.) 

The Guinea-worm, Filaria s. dracunculus mcdincnsis (Gmelin, 
1789), is whitish or yellowish in color, has a thread-like body (0.6 to 
0.8 xn. in length, 2 mm. thick), a rounded anterior end, and terminal 
circular mouth with six papillae. The statements in reference to the 
discovery of the male are conflicting. This worm occurs in the tropics 
(India, Africa, particularly the West Coast; (iuiana. Brazil, West 
Indies), The intermediate host is a tropic species of fresh- water cyclops. 
The larvae probably reach man through drinking-water. It is seated in 
the subcutaneous connective and adipose tissues, especially of the lower 
extremities in the region of the ankle, and gives rise to abscess forma- 
tion or ulceration. Filaria mcdincnsis has occasionally been found in 
the lungs, eyelids, conjunctiva, and tongue. 

The larvie of Filaria bancrofti s. sanguinis hominis (Lewis, 1872) 
also are found in the tropics. They are delicate, cylindric, transparent, 
actively motile organisms, from 0.2 to 0.4 mm. in length, 0.004 mm. in 
width, with rounded head and slender, tapering tail. It is surrounded 
by a structureless sheath, projecting beyond both extremities in the form 
of a flagellum or hood, within which the embryo us^jally moves quite 
actively. They are met with in the blood- and lymph- vessels and urine 
of patients suffering from hematuria, chyhiria, chylous drojxsies, and 
lymph-scrotum. They are said to be found in the blood at night, and 
in the daytime only when the patient sleeps during the day. According 
to v. Linstow, this phenomenon appears to depend upon the width of 
the capillaries, the diameter of which is usually greater at night ; Man- 
son, however, believes the filari<e are driven or attracted from the 
peripheral circulation by metabolic products elaborated by the person 
during the waking state. The larvae enter the intestine of the mo.squifo 
during the act of blood-sucking, and, as in malaria, these insects rein- 
fect the human host. 

The larvae are di.scharged in the urine during attacks of chyluria 
and hematuria. The mature worm is filiform in shape and from 8‘to 
10 cm. in length. It inhabits the lymph-vessels, causing congestion of 
lymph and elephantiasic formations, especially in the lower extremities 
and scrotum : l 5 nniph- 8 crotuni. 

Filaria loa (oculi), the male, is 22 to 33 mm. in length and 0.4 mm. 
in breadth, and upon the cuticle are numerous nodules. The cephalic 
end is somewhat wedge-shaped, and flattened in front. The tail end is 
curved and presents preanal and postanal papillae, and two spicules of 
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Fig. 1,*?^.— f7. Kg||- Qjf ronamon ascAris 
(AMorift himfiiivnulPM) of man as found in 
fpoes. with superfliM™ focSa. 0?eat ? 

enlarged. (After Aff/fru, 1902b, p. 202, Plg^ 
flionp n seen with medtiui 

i# *u ) Kmbryoloinr 

0 S 


^ ^ ine common aacaris (AaraHa lumbri^iM^) 

ss.r-riTnsr-vss-^’-^^ 

rinJSS?' ‘'fating its Skim (An^r' tumbriXiae/) 
wh?l? vcrwivufnriH) of rriaii a’howine ^ of the 

*“ female worm. (After L^r*«rV ijmS « ehangea undergone by the egg 

common pln.worxn of ihf 

p. 228 Fig 1%) h eggshell as found in fresh feces. 
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almost equal length. The female is 32 to 37 mm. in length and 0.5 mm* 

in width, and also has a nodulated cuticle. The posterior extremity is 
straight. This filaria was observed in Africa and was brought to America 
by the negroes, and into Europe by the whites. Filaria loa lives in the 
subcutaneous tissue of man and may enter the conjunctiva or orbital 
tissue. The mode of infection is not definitely known, but it is assumed 
to occur through the agency of insects (probably mosquitoes) which 



Fig. 139. — Filaria sanguinis honiinis in human blood. 
From photomicrograph. X 500. 


bite during the day, since the larvas of this parasite (Filaria diuma) 
appear in the blood during the day. Some authorities regard Filaria 
loa as the parental form of Filaria diurna, 

Filaria perstans, the larva; of which are found in the blcx)d both 
day and night, occurs in Africa and South yVmcrica. It is situated in' 
the retroperitoneal tissue, hi the region of tlie pancreas, suprarenals, and 
roots of the mesentery. 

Filaria philippinensis is probably a distinct species occurring in the 
Philippines. 

Trichinella (trichina) spiralis was discovered in human muscle by 
Paget, and described and named by Owen in 1833. Leidy, in 1847, was 
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the first to discover this parasite in the flesh of the hog. It occurs in 
man, wild and domesticated swine, rats, mice, cats, dogs, rabbits, and 
guinea-pigs in the undeveloped state as muscle trichinae, and in the 
sexually mature form as intestinal trichinae. 

Intestinal trichinae are found in the stomach, duodenum, and upper 
portion of the jejunum after ingestion of flesh containing muscle trich- 


inae. The sexes develop separately 



Fig. 140, — Trichina spiralis. 
a, male; b, female; c, embryo; d, 
muscle trichina. (After Claus.) 


and impregnation is recognizable 


JRm. 



Fig. 141. — Diagram of the 
hosts of trichina. (After 
Bollinger,) 


after the lapse of five days. The embryos require about two weeks for 
development, after which time they escape fn^m the mother-worm into 
the intestine, and the intestinal trichina (adult) expires. The young 
embryos produced in the intestine arc actively motile. They penetrate 
the intestinal wall, enter the peritoneum, and from there migrate to the 
neighboring parts: diaphragm, pleural cavities, etc., until they finally 
invade the skeletal musculature, e>pecially the iiitercostals, diaphragm, 
jdatysma myoides, base of the tongue, etc.^ In the muscles they wander 
within the primitive muscle bundles to the region of the tendinous 
'Attachments. In the process of growth they coil into spiral form. 

} According to the researches of Askanazy, it is probable that the intestinal 
tA'ichinae penetrate the mucous membrane of the intestine and there (or in the 
chyle vessels) deposit their young. The lymph-stream then conveys the embryos 

A'Hward. 
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Although the muscle trichinae possess a very low organization, they 
live for a long time (it is said for decades). The development of raascle 
trichinae into adult males and females takes place within the intestine 
of individuals who have ingested living muscle trichinae (in man, for 



Fig. 142. — Trichina capsule with 
well-preserved, living trichina. Capsule 
slightly calcified. K, head end (thin) ; 
S, tail end (thick); V, digestive canal; 
G, collection of pigment belonging to 
the undeveloped genital apparatus. 
(Zeiss Apochr., ^16; Comp, Ocul., 8. 
After Langerhans.) 



Fig. 143. — Calcified tri- 
china; form quite well pre- 
served. Capsule contains a 
little lime. (Zeiss Apochr., 16; 
Comp. Ocul., 4. Reduced Yz* 
After Langerhans.) 



I’ig. 144. — Trichina capsule with 
fragments of a calcified trichina. 
Capsule contains an abundance of 
lime only at the poles. (Zeiss 
Apochr., 16 ; Comp. Ocul., 4 . Re- 
duced Yi. After Lxingerhans.) • 


example, through the agency of raw or rare pork). From what has 
been said it is seen that a short stadium of intestinal life alternates with 
a longer stadium of muscle life. 

The worm never exists in a free state, but always as a parasite. 
Transmission occurs from one animal to another through consumption of 
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infected flesh. It is still questionable whether transference inay occur also 
through the agency of excreta.^ 

Trichiniasia, as a disease, belongs to the period in which no capsule 
formation has as yet taken place. Encapsulation is the result of a 
reactive process on the part of the muscle, Lc., it represents a process 
of healing, by which the further advance of the trichinae is arrested, and 
begins about the twenty-first day and ends about the sixtieth day. Cal- 
cification of the capsule begins about three months after invasion of the 
muscle, and is completed after a year and a half. The lime is usually 
deposited in the capsules in granular form and consists of small, often 
very densely arranged, highly refractive granules (calcification in granu- 
lar form). For this reason the capsules usually appear very dark, often 
quite black, by transmitted light on microscopic examination of fresh 
specimens; on the other hand, by reflected light they are chalky white. 



Fig. 145. — Empty, slightly calcified trichina capsule. Fat-tissue at both poles. 

(Zeiss Apochr., 10; Comp. OcuL, 4. Reduced After Lanyerhans.) 

» 

1 1 oniogencous calcification occasionally occurs, but only in the cylindric 
ends at the poles of the ca]isules. On macroscopic examination the 
calcified capsules appear as small, short, chalk-white lines, just recog- 
nizable with the naked eye, arranged parallel with the muscle fibers. 

1"he capsules develop from the true contractile substance as a result 
of proliferation* of the muscle nuclei and destruction of the whole primi- 
tive Umdle. The structureless sheath of the bundle, however, is only 
thickened. The capsule has a central ovoid portion, the poles of which 


^As infection can occur after ingestion of cooked pork, tlw. question as to 
what temperature will with certainty kill the trichinae is important. Heatina at from 
170* to 200"* F. for six or more hours usually suffice ; but as the size of tne obj^t 
to be cooked, the number of trichinae, and the degree of encapsulation play a role, 
further investigations are necessary in this direction. Trichiniasis, undoubtedly, is 
of more frequent occurrence than generally is assumed, sporadic cases often being 
overlooked, owing to the difficulty in diagnosis. In such instances, as well as in 
epidemics, the most important aid is examination of the blood; thus far it is the 
only affection in wffiich eosinophilia is constantly so high (from 10 to 86 per cent.), 
this symptom rarely being absent. The eosinophilia begins with migration of the 
trichinae from the intestine into the musculature and is most marked at the height 
of the muscular symptoms, from which time onward it slowly declines. The total 
number of leucocytes is usually increased; the number of neiitrophiles during the 
eosinophilia is relatively and sometimes absolutely diminished. (For conditions in 
which eosinophilia otherwise occurs, but in lesser degree, see Blood.) 
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gradually merge into a short, thick, cylindric prolongation having a 
rounded extremity. The central portion is transparent and incloses a 
cavity containing the plainly visible, spirally coiled trichina. The latter 
is invisible after it has died (after decades) and become calcified. In 
contrast to the capsule, calcification of the trichina itself is always homo- 
geneous. At the poles of the capsule there is often, but not always, 



Fig. 14(). — Trichina capsule filled with adipose tissue. Fat-cclls at the poles. 
Same magnification as in 143-145. (.After Langcrhans.) 

found on microscopic examination a small, .somewhat triangular space 
occupied by fat-tissue cells. (See Fig. 14f), ) 

Calcification of the trichinae and their cajisules^ *does not always 
tcrminpte the retrograde alterations occurring in them. On the contrary, 
it is probable that when the capsule and trichina arc calcified they, like 
a (lead part, very frequently excite new proliferations in their neighbor- 








Fig. 147.— Trichina capsule, almost completely resorbed, indicated by a 
finely granular mass and recognizable by its form. Fat-tissiie at the poles. 
Same magnification as in Figs. 143-145. (After Langerhans.) 

hood, which first cau.se absorption of the lime-salts and subsequently 
complete elimination of the trichinx and their capsules. In this connec- 
tion it can be observed that after partial ab.sorption of the lime-salt of 
the capsule {e.g,, at one pole) the latter is broken through by the pro- 
liferation — ^that a young, richly vascular granulation tissue has penetrated 
into the interior of the capsule. Furthermore, the calcified trichina dis- 
appears with the advance of the granulation tissue, and then either the 

1 Hilton, in 1821, first described the calcified trichina capsules, but mistook 
them for cysticerci. 
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capsule is slowly destroyed hy ]>rolifcratiun or the granulation tissue is 
transformed into fat-tissue within tlie partly well-preserved and still 
recognizable capsule. Absorption of the decalcified parts (trichina and 
capsule) also often occurs without the formation of granulation tissue, 
Lc., without the occurrence of reactive phenomena in the neighborhood 
of the capsule. In this form of absorjHion the lime-granules nearest the 
inner layer of the capsule seem always to disaj)pear earlier than those 
lying in the outer portions of the capsule. 

The developed muscle tricliina attains a length of about 0.8 mm. 
The .sexually mature male inteslinal tricliina is 1.5 mm., and the female 
3.0 mm., in length, dlie anterior extremity of the trichina is attenuated ; 
the tail end blunt and rounded; in the male the posterior extremity 
possesses two conical i)rojecti{ms, directed toward the ventral surface. 
With these the male clasjis the female during copulation. I'he intestinal 
canal begins with a quite small, muscular portion which merges into the 
wider and com])aratively long esopliagus. With this the gastrointestinal 
canal is connected by a simple dilation. The male generative apparatus 
consists of testes and seminal duct, which, in common with the intestine, 
opens at the ])osterior end. d'he sexual apparatus of the female is com- 
])osed of an ovarium, uterus, and vagina. The orifice of the latter is 
located some distance forward — at the junction of the fir<t and middle 
thinls. 

Trichiniasis,^ or trichinosis, in its violent forms possesses a cer- 
tain resemblance to typhoid. It is a febrile disease associated with 
headache and stupor. Tlie penetration of the peritoneum by the young 
muscle trichin.Te irritates this membrane, (.‘atarrhal inflammation exists 
in the upper portion of the small intestine. In addition to this, charac- 
teristic edema of the eyelids and extremities, dilTuse bronchitis, and 
sometimes broncho] )neumonia are ]>resent. The grouj)s of muscles 
attacked by the trichime are the seat of violent inflammation (myositis) 
which renders difficult the acts of mastication, deglutition, and respira- 
tion. 

The whip-worm, Trichuris frichiioa, Tricluyccphalus dUpar 
(Rudolphi, 1801), usually inhabits the cecum in numbers varying from 
four to* twelve. It occasionally is found in the colon, vermiform appen- 
<lix, and rarely in the ileum. The male is from 40 to 4.^ mm. in length ; 
the female up to 50 mm. in length. The anterior iiortion of the body is 
slender and thread-like, and frequently is buried in the mucous mem- 
brane; the posterior portion thick, and, in the male, spirally coiled and 

^ Zenker (Deutsches Arch. /. klin. Med., viii, p. 387) was the first to elucidate 
the whole siihject of trichiniasis and to emphasize its serious nature, on the basis 
of the observation of a fatal case in a girl of 19 years. 
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armed with a sjdcuhuii 2.5 mm. in length within a pocket provided with 

spines. The posterior portion of the body of the female is almost 
straight; the genital aperture is at the junction of the thread-like and 
swollen portions. This worm occurs quite frequently, but it is com- 
paratively harmless, except when present in large numbers, when they 
may produce intestinal disturbances, serious cerebral symptoms, or even 
cause death.i In what way the worm is injurious is undecided. Some 
maintain that it sucks blood like the ankylostoma ; others, that it secretes 

a toxin. One of the most prominent symptoms of trichocephaliasis is 
anemia. The ova are 0.05 to 0.054 mm. in size (see Fig. 149) and found 



Fig. 148. — Trichocephalus 
dispar, a, male ; h, female. 
Both in natural size and highly 
magnified. (After Leuckart.) 



Fig. 149. — Eggs of ne* 
matodes. a, ascaris ; b, oxy- 
uris ; c, trichocephalus ; d, 
ankylostoma ; e, dibothrio- 
cephalus; /, Taenia saginata; 
g. Taenia solium. (After 
Leuckart. ) 


in the feces, where they may be innumerable. They are yellow to red- 
dish brown, oval, spindle-shaped, and haye a clear pole at either end. 
The eggs are usually swallowed in water or with soil. 

Dioctophyme renale (Eustrongylus gigas) is a very large blood-red 
or bluish-red nematode occurring in dogs, seals, etc. The male measures 
up to 40 cm. in length and 5 mm. in thickness, and has a blunt, square-cijt 
posterior extremity. The female may attain a length of 1 m. and a 
diameter of 1 cm. The ova, which are found in the urine, are oval, 0.064 
to 0.04 mm. in dimen.sions, brownish in color, except at the poles, which 
are uncolored, and show numerous depres.sions. They require an inter- 
mediate host for further development, perhaps a fish. This parasite 


1 Corrsbl. f, Schweiz. Aerzt., April 15, 1907. 



ALTERATIONS CAUSED BY ANIMAL PARASITES. 367 

occasionally is observed, singly or several together, in man in the urinary 
tract (renal pelvis, ureter, and bladder), where it produces renal colic, 
dilation of the renal pelvis, and retention of urine. The inflammatory 
processes (indicated by pyuria and hematuria) which accompany its 
presence, such as pyelitis, suppurative nephritis, perinephritis, with final 
atrophy of the renal parenchyma, are probably the result of bacterial action. 

Echinorhynchus gigas, which is of frequent occurrence in the in- 
testine of swine, is very rarely ob- 
served in the small intestine of man. 

It possesses a retractile rostellum 
with hooks, and a long sac-like body, 
fhe ova, which are discharged with 
the feces, undergo further develop- 
ment in intermediate hosts (insects 
and Crustacea), and with their host 
enter the intestine of the swine. 

Agehylostoma duodenale (Du- 
bini, 1843), s. doclimius (Leuckart, 

1«S76), s* uncinaria duodcnalis (Ral- 
liet, 1885), or hook-worm, oc- 
curs in tlie upper ])ortion of the 
small intestine, oftener in the jeju- 
num than in the duodenum. It was 
<liscoverc(l by Dubini, of Milan, in 
1838. It is ob.servcd particularly 
in the tropics and subtropics, but 
aKo in Switzerland and the regions 
of the Rhine, especially in brick 
workers. The disturbance caused 
by it is known as dochmiasis or 
aj:(chylostomiasis, or uncinariasis; Egyptian, tropic, brickmakers', or 
tunnel anemia ; miners’ cachexia, and jail debility. It is a small, cylindric 
^vorin, the female of which attains a length of 18 mm., and the male 
Ifl mm. The tail of the latter terminates in a broad, trilobed bursa 
^'o])ulatrix,* at the bottom of which open the intestine and vas deferens 
accompanied by two slender spicules. The genital pore of the female 
s behind the middle of the body. The mouth end is curved toward 
dK‘ dorsal surface; the oral aperture is armed on the ventral surface 
"Uh four claw-like hooks, and on the dorsal surface two comparatively 
^biicate tooth-like bodies. (See Fig, 150.) Agehylostoma occurs singly 
'1 also in very large numbers (many hundreds and in some cases sev- 
thousand). In the latter instance continued losses of blood occur, 



Fig. 150. — Agehylostoma duo- 
denale. a, male; b, female; c, head; 
d, natural size. (After Leuckart) 
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which finally result in severe and often fatal anemia. They were dis- 
covered by Greisinger, in 1851, to be the cause of Egyptian chlorosis. 
The worms cling by their teeth to the mucous membrane, into which 
they bore to the submucosa, suck themselves full of blood, and leave a 
small bleeding hole in the mucosa. The worms are said also to elaborate 
a hemolytic toxin. The ova are 0.023 mm. in breadth and 0.04^1 mm. 
in length, and are found in large numbers in the feces (sometimes sev- 
eral millions are passed daily). They require water and moist, warm 

soil for their further development. The larvae escape from the eggshell, 



Fig. 151. — Embryology of the Old World hook-worm {Agehylostoma 
duodenale) of man. a, b, c, d, e, f, segmentation of the egg; h, i, j, the 
embryo; k, a rhabditi f orm embryo escaping from its eggshell; /, m, empty 
eggshells. Greatly enlarged. (After Perroncito, 1882, p. M2, Fig. 142.) 

molt several (four) times (eedysis), and creep around everywhere; 
get upon the hands of earth (clay ) workers and thence to the mouth, 
or they are ingested with drinking-water, or most frequently enter the 
.skin^ through the hair and sweat follicles (l^)ss), and after various 
migrations (blood to lungs, bronchi, esophagus) finally reach the ileum. 
The para.sites were found by Baumler in the intestine two years after 
infection, and by Peroncito even after four years and longer. The blood 
may show marked eosinophilia. 

Uncinaria (agehylostoma) americana s. nccator americanus (Stiles, 
1902) , so-called American hook-worm, occurs in the Southem 

1 Most often of the feet and between the toes : “ground-itch.’* 
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States of North America, the West Indies, South America, Africa, Asia, 
etc. Thus far, this worm has been observed in the ileum only in man. 
It is shorter and more slender than Agehylostoma duodcncUe, The 
buccal capsule is smaller, and, instead of four ventral hooks, is provided 



Fig. 152. — Head of Xccatf»r americanus. (After Daniels.) 

on both the ventral and dorsal sides with a pair of semilunar plates, 
the ventral pair more protninent, like those of the dog hook-worm 
{Ihicinaria stenoccphala). Two pairs of lancets, one dorsal, the other 



Fig. 153. — Four eggs of the New World hook-worm {Uncinaria ameri- 
cana)y in the one-, two-, and four- cell stages. The egg showing three cells 
is a lateral view of a four-cell stage. These eggs are found in the feces of 
patients and give a positive diagnosis of infection. Greatly enlarged. (After 
Stiles.) 

ventral, are situated deep within the oral capsule. The genital pore 
at the junction of the anterior and middle third of the body. Infec- 
tion probably occurs in the same manner as in Agehylostoma duodenale* 
the ova are larger than in Agehylostoma duodenale, 

24 
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Stron£:yloides intestinalis {^AnyiiiUiila intcsimahs jt. stcrcoralis) 

occurs in the small intestine and lives uj)on the chyme, and not upon 
the blood. It was formerly looked upon as the cause of Cochin China 
diarrhea, but alone it appears to be incapable of producing injurious 
effects. It often occurs in conjunction with agehylostoma. Aside from 
China, it occurs in Africa, Japan, Europe, West Indies, South America, 
and several cases of infection with this worm have been re])ortcd in the 



rig. 154. — StrongyloidfS iiiUstinalis in feces. (Leitz Obj., 3; OcnI., 4.) 

United States. These nematodes, Strongyloidcs intcsiinalis> and s. stcr- 
coralis, which formerly were regarded as separate species, are now 
known to be different stages of development of the same parasite, i.c., 
two succeeding generations of the same species, one of which (A. 
intestinalis) lives as an inte.stinal parasite, and the other (A, stCYcoralis) , 
its young, lives free. 

The intestinal form {A. intestinalis), which by some (c.r/., Leuck- 
art) is considered to be hermaphroditic; by others (e.g,, Rovelli), to 
increase by parthenogenesis, is 2 to 2.5 mm. in length and 0.034 mni. in 
width. According to Askanazy, it bores into the intestinal mucosa, 
especially into the epithelium of Lieberkiihn’s glands, to obtain nourish- 
ment and to deposit ova, which are found in the base of the membrane 
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in all stages of segmentation up to the formation of the young worms. 
The young worms leave the intestinal mucosa and enter the intestinal 
lumen, where they grow somewhat and are discharged with the excreta. 

The various abodes of the worms here summarized {Agehylostoma 
in the duodenum, Ascaris lumbricoidcs in the jejunum, Trichuris tri- 
cliiura in the cecum, Oxyuris vcnniciilans in the colon) doubtless 
depend upon the varied nutritive require- 


ments of the animals. They live in great 
part upon the nutrient materials supplied to 
the host. From wdtliout they enter the in- 
testine and there produce enormous num- 
bers of ova or embryos. The oxyu rides 
multiply in the intestine, but the Ascaris 
lumbricoidcs does not. The ova of the lat- 
ter can further develop in stagnant water. 
Leuckart believes the larvae of Aychylos- 
ioma duodcnalc live in muddy water. 

Of the platyelminthes (flat-worms) 
the trcmatodcs, with the ccstodcs, occur as 
parasites in man. 

d'he trematodes are sucking worms 
of tongue- or leaf- like form. They are 
provided with a mouth, a fm'ked intestine 
without anal opening, and are usually su])- 
plied with suckers upon the ventral surface, 
and sometimes wdth hook-shaped organs of 
adherence. They are hermaphrodites: the 
male and female generative organs have a 
common opening Jnto the genital pore. In 
man tliey are re]wcscnted by tlie families 



paramphistomid(C, fasciolidec, and scliisto- Fig. 155.— Fasciola hepatica 


somidec. The most important are: Disfo- (Lank.). /, intestine; Vs, 
mum hcpaticum, Schistosomum luemato- '''kclline .sacs; (?r, ovary; O, 
hUnn, opisihorchis fclincus (perhaps i.Icn- /d' TTeLs! 

tic with* D. sibiricum), lanceolatim, and (After CVt/uj.) 
i \i nago u im us zvesterma u i. 


Gastrodiscus (amphistomiim) hominis is 5 to 8 mm. in length and 
from 3 to 4 mm. in width. According to Fraun, this parasite has been 
observed only twice in man. It was found in large numbers in the colon 
^nd cecum. It occurs in India and the Philippines, and possibly also in 
other tropic regions. 
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Fasciola hepatica (Linne, 1758), Distomum hepaticum, liver 
f i u k e , is found in man and also in the ox, sheep, goat, camel, hog, 
horse, ass, squirrel, deer, antelope, kanganx), beaver, and produces in 
sheep die so-called ‘*rot,” “liver rot,’' “fluke rot.” It has a short, cone- 
shaped anterior body and flat, obovate posterior body. It is about 40 
mm. in length and 12 mm. in breadth. It occurs in Europe, North 
Africa, North and South America, Australia, A.sia, India, Japan, China, 
etc. It resides in tlie biliary ducts of the liver, where it may cause 
obstruction and inflammation, perhaps also ulceration and stenosis. It 
may occasionally reach the lungs, muscles, and connective tissue. The 





Cp. 


Sv. 

Shf. 
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Fig. 156. — Fasciolopsis 
biiski (Lankj. I’s, ventral 
sucker; Cp, cirrhous pouch; 
I, intestinal fork; .Vt/, vitel- 
line sac; T, testes; O, ova- 
rium ; Ms, mouth sucker ; 
Shg, shell-gland ; Ut, uterus. 
(After Odhner.) 


Fig. 157. — Fasciolopsis 
rathouisi (Poir.). The 
mouth at the top, and under 
it the genital pore and ven- 
tral sucker, behind which 
again is the uterus. The 
vitelline sacs are at the sides, 
and posteriorly in the cen- 
tral field the ramilied testes ; 
the ovary is in front of the 
right one, (After Claus.) 



ova of Fasciola hepatica are met only here and there in the bile-ducts 
and gall-bladder. It is supposed that Fasciola hepatica migrates from 
the duodenum into the liver. The ova are found in the feces. ‘ 

Fasciola hepatica, van angusta (Raillet, 1893), was observed by 
de Gouvea in the human lung. 

Fasciolopsis (distomum) buski (Lankester, 1857) has been ob- 
served in Natal and east and south Asia and thus far, in man, only in the 
intestine. 

Distomum rathouisi (Poirier, 1887) is related to fasciolopsi.s, and, 
according to Braun, has been observed but once, namely, in a Chinese 
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woman. P. Manson mentions two other cases. According to Theobald, 
Scheube states that Distomum buski is the same as D, rathouisi and 
D. crassum. 

Dicrocoelium lanceatum (Stiles and Hass, 1896), Distomum lanceo- 
latum (Mehlis, 1825), is lancet-shaped. It is 10 mm. in length and 1.5 
to 2.5 mm. in breadth. It likewise is foun<l in the bile-ducts. It is rare 
in man, but more frequent in sheep and cattle, cat, dog, rabbit, pig, 
hare, horse, ass, llama. The intermediate host is unknown. 

Opistborchis fclineus (Riv., 1883), Distomum fclincum, is from 
8 to 16 mm. in length and from 1.3 to 2.3 mm. in breadth. It is flat- 
tened and .somewhat pointed anteriorly; posteriorly it is broader and 
rounded, and without spicule. The ventral sucker is situated at the 
junction of the anterior fifth. This distoma, like Distoma sibiricum, 
which resembles it in every way and with which, ])robably, it is iden- 
tical, formerly was observed chiefly in the dog and cat. After it had 
already been show^n by a report from Tomsk that Distoma sibiricum 
had been found in the liver in 9 human subjects, and in 1 case in the 
neighborhood of St. Peler.simrg, Askanazy, in 1900, observed Distomum 
fcliucum, which until then had not been met with in man, in a number 
of persons, all living in the district of Jleyclekrug (east Prussia). Both 
tliese species of flistonia ( felincum and sibiriann) occupy the bile-ducts 
(also the intestine and pancreatic duct), and cause dilation, inflamma- 
tion or atrophy of the surrounding tissues, and ])roliferation of epithe- 
lium. In 2 cases carcinoma developed as a result of these tissue changes, 
rhe nutnl)er of worms present may be over 100. Little is known of the 
development of this parasite. 

Metorchis truncatus is only 2 mm. in length. It occurs in the seal, 
cat, dog, fox, and man. The mode of invasion is unknown. 

Paragonimufe westermani {Distoma pulmonale), which is 8 to 10 
inin, in length and from 3 to 6 mm. in breadth, has been described by 
von Baelz (and Manson) as a pulmonary parasite occurring in China, 
Korea, and especially in the Philipj)ines and Japan. It has been observed 
also in Europe and North America. Each parasite lies in a small cavity 
which ccanmunicates with a bronchus. It causes hemoptysis and occa- 
sionally severe pulmonary hemorrhage. (Sec Fig. 158.) 

Opistborchis sinensis, Distoma spathulatum s, japonicum, resem- 
hles D. fclincus, and occurs principally in Japan, where, according to 
Katsurada, in the province of Okayama, 56 to 37 per cent, of the popu- 
lation are infected. More than 40(W of these parasites may occur in one 
i^ulividual I It is found chiefly in the gall-bladder and bile-ducts, though 
1- per cent, of the cadavers examined by Katsurada it was observed 
J lsD in the pancreas and occasionally in the intestine. It is 10 to 14 mm. 
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in length and 2.4 to 3.9 mm. in breadth, and without spines. The ova 
within the parasite contain the ciliated miracidium. In the liver it pro- 
duces dilation and sacculation of the bile-ducts, proliferation of the con- 



Fig. 158. — Paragonimiis westor- Fig. 159. — Schistosomum hsemato- 
mani. (After Looss.) bium (Bilh. 12/1). Male contains the 

female in the canalis gynaecophortts. 
(After Looss.) 


nective tissue and epithelium, interstitial hepatitis, atrophy, and fatty 
degeneration of the parenchyma. The mode of infection is unknown. 

Opisthorchis noverca (Distoma conjunctum) is nearly related to 
Op. fclineus and Op. sinensis. It was observed in the bile-ducts in two 
cadavers examined by McConnell in Calcutta. 

Heterophyes heterophyes, 2 mm. in length and 1 mm. in widtfi, 
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occurs in Egypt and Japan. In man it is found in the small intestine, 
and the ova are discharged with the feces. 

Schistosomum {distomum) haematobium (Bilharz), s. Bilharsia 
hcrmatobia, dilTers greatly from the forms already mentioned in that the 
sexes are separate. The female is cylindric, filiform, up to 19 mm. in 
length, and pointed at each end ; the thicker male is up to 14 mm. in length 
and has a flat body, which is incurvated venlrally in tubular shape, form- 
ing a canal: so-called caiialis gymccophorus, for the reception of the 



Fi}^. 160, — Schistosomum 
haematobium (from urine). 
(After C. ll'\ Daniels.) 


Fig. 1()1. — Kggs of distoma 
from urinary sediment. (After 
Purdy.) 



icniale during copulation. (Sec Fig. 15^^) Schistosomum heernatobium 
occurs principally in Egypt; also in Arabia, Cyprus, Cape Colony, east 
and west Africa, and in the West Indies and North and South America. 
It is seated in the veins of the alnlomen (roots of the portal vein and 
perineum), occasionally also of the lungs. The ova are 0.05 mm. in 
breadth, 0.12 mm. in length, and nearly always have a terminal or lateral 
spine.^ (See Fig. 160.) The deposited ova cause inflammation 
(catarrh) and ulceration of the mucous membrane of the ureters, blad- 

1 Ova with lateral spine are said by Sambon to be passed by another species : 
Schistosomum mansoni. In 27 appendices examined at necropsy by G. A. Turner 
(Transvaal Med. Jour., July, 1910, p. 2S1), terminal-spined ova were found in 85 
per cent., lateral-spined ova in 5 per cent, and mixed ova in 10 per cent 
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der (hematuria), and colon (dysentery). Urinary fistulae; papilk«nata of 

the bladder, cervix uteri, penis, vulva (producing false elephantiasis), 

intestines, rectum, and around the anus, and not rarely epithcliomata 
also are observed. The ova are observed also in the prostate, kidneys, 
vermiform appendix, liver, and lungs (Distomum pulmonale). 

The following tabic, based upon 27 necropsies by Turner^ upon natives of 
the east coast of Africa between latitude 14 degrees south and latitude 26 degrees 
south, shows the number of times the various organs were affected : — 



Number 

examined. 

1 

Times 

Times 

Times bUbareia 

Tribe. 

appendix 

infected. 

bladder 

infected. 

worms in 
portal veins. 

Myambaam 

7 ! 

1 

6 

4 

1 

Shangaan 

5 

2 

5 

3 

Nyassa 

4 

3 

4 1 

3 

Yao 

1 

1 

1 

1 

Barue 

1 

1 

1 

1 

Mocambique 

8 


8 

6 

Quilimane 

1 

1 1 

i 

1 1 

1 1 

Total 

27 

20 

24 

16 


In Egypt a large portion of the poorer population suffers from 
Schistosotnum heematobium. Death sometimes resuhs from general 
exhaustion. Infection is said to occur through the agency of drinking- 
water, but most probably it takes place through the skin of bathers in 
infected waters or of waders in mud, the larvcie entering in the same 
manner as tho^e of AgcJiylostoma diiodcnalc. The period of incuba- 
tion is about six weeks, as symptoms appear within from one to two 
months after exposure. * 

Schistosomum mansoni is a name given by Sambon to a hypo- 
thetic species said to pass ova with a lateral spine.- (See Fig. 162.) 

Schistosomum japonicum (Katsurada), Schistosoma cattoi, occurs 
in China, the Philippines, and Japan, and causes the so-called “Katayama 
disease,'' an affection characterized by ascites, enlargement of the spleen 
and liver, and diarrhea which often is mucohemorrhagic. The male is 
9 mm. in length and less than 0.5 mm. in breadth. The female is slender 
and longer than the male. The mature worms occupy the blood-vessels 
of the mesentery. The ova are found in the liver and in the submucosa, 
muscularis, and subperitoncal portions of the intestine, especially of the 


1 See footnote, p. 375. 
2/Wd. 
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rectum and appendix; also in the mesenteric glands, gall-bladder, and 

pancreas, and are discharged with the feces. The life history is unknown. 

The cestodes^ are tape-WOrms: flat worms without mouth and 
intestine, which develop by alternation of generations (m e t^ g e n e s i s) 
and, as a rule, remain connected with the scolex, from which they orig- 
inate by budding. The scolex, which may possess suckers and booklets, 
forms the so-called head. 

The embryo of the cestodes (onchosphere) is provided with six booklets 
(hexacanth) at one pole. On entering the alimentary canal the shell is dis- 
solved and the embryo migrates, by means of the booklets, to the various tissues 
and organs. The six booklets are then discarded, and from the opposite pole 
develops a scolex (head and neck) like that of the tape-worm from which the 
embryo originated. 



Fig, 162. — Schistosomum (?) haematobium (from feces). 

(After C. Daniels.) 

The tape-worms are represented in man by the family tccniidcc and 
botliriocephaloidca. Of tlie family t(cniid(c occur, among others: Tccnia 
solium, Tecnia saginata, and Tccnia echinococcus; of the family bothrio- 
ccphaloidea: Dibothrioccphalus latus. 

The tape-worms consist of certain constant parts. The majority 
arc composed of connected, band-like segments: proglottides (the true 
sexual animals), are flat, quadrangular in form, and possess the ability 
to contract and expand in length and width. The .segments nearest the 
anterior or cephalic end are broad and short; those nearer the inferior 
extremity long and narrow. The neck is thread-like, quite long, and 
carries the head : a button-shaped or spheric, usually pigmented swelling 
about the size of the head of a pin. Hence, the tape-worm always con- 
stitutes a colony of animals, in which each animal occupies the position 
of an individual. Each segment ix)sse.sses independent generative or- 
£,^ans. Upon each segment is a marginal striation corresponding to canals, 
which unite in the interior of the segment to form one common channel. 


1 


a girdle ; *» like. 
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The canals constitute the female generative apparatus; their white color 
is due to the numerous ova which they contain. Every segment pos- 
sesses also a male generative apparatus and is, therefore, hermaphroditic. 
Upon the side of each segment — in dibothriocephalus in the center upon 
the surface of each joint — is a projection provided with an aperture. 
Here open the male and female generative apparatus, one behind the 



A 

Fig. Ih3. — //, Schistosoniuni japonicum; B, anterior extremity 
of male, enlarged. (After Fulleborn.) 

Other. The excretory duct of the female generative aj^paratus is straight 
and opens within the genital pore, behind the male excretory duct, which 
has a tortuous course. Out of the latter projects a spicule: penis, 
cirrus, which can enter the female generative aperture. 

Development of the embryo takes place in the ova within the indi- 
vidual segments. The ova have a quite hard and radiately striated shell. 
Within the ova in the oldest, mature segments the small embryos are 
often plainly visible microscopicly. These have six comma-shaped book- 
lets, arranged about one pole, and of which two always stand parallel 
with each other. 
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The usual habitat of tape-worms is the small intestine. The last 
joints, containing ripe ova, become detached and are discharged with the 
feces. The further development of the ova is always accomplished 
through the medium of another animal.^ The ova are taken up with 
the food and enter the stomach, where the shell is digested by the gastric 
juice and the young animals are set free. These then wander into the 
body and develop- into larvre (cysiiccrci) within the organs. Thus, like 
young trichina embryos, they possess the ability to penetrate the tissues. 

The frequency of occurrence of the various forms of tape-worm is 

shown by the following table, by Krabbe, based upon 300 cases : — 


TaBKE np hKEOl’ENC'Y OF T/KNLK (3(K) C ASES). (iXPTEK KrABBE.) 


Taenia safrinata. . T. Solium. 


T. cucutneriaa. [ Dibothrloccphalus latus. 


I'ndcr 1 year 


1 to 10 yrar.s i 

11 

i 7 

10 to 20 ’ “ 

14 

i ^ 

20 to 30 •• ; 

79 

! 15 

30 to 40 •• 1 

35 

15 

40 to 50 “ 

JO 

4 

50 to 60 •• 

15 


60 to 70 “ 

4 



1 


9 


10 

6 

6 

9 


Dipylidium caninum {Tecnia canina or cucumcrina) is a common 
])arasite of the dog and often of the cat. It is comparatively rare in 
man, and is observed almost always in children, in whom it may cause 
intestinal and nervous symptoms. It is 35 mm. in length and 2 to 3 
mm. in breadth, and jiossesses a scolex with a markedly bulbiuis rostel- 
lum upon which are situated several circles of rose-thorn-like booklets. 
The proglottides are often reddish gray in color, and in isolated state 
resemble cucumber seed, and are tlejectcd almost daily. The genital 
organs are duplicated. The genital pores are lateral and open on op- 
posite edges of the segments. The cysticercoid develops in the dog- 
louse (J'richodcctcs cams) and in the flea of man {Fidcx irritans) and 
the dog (Pulcx scrraticcps), and through ingestion of these vermin they 
reach the intestine, where development into the tape-worm takes place. 

Hymenolepis nana (Tania nana), which occurs in large numbers, 
chiefly in children, is 1 to 4 cm. in length and 0.5 to 1 mm. in breadth, 
and has a spheric scolex with rostellum and a wreath of from 24 to 

* Autoinfection also may occur, by mouth through fecal -contaminated fingers 
by entrance of segments from the intestine into the stomach, where the embryos 
may be liberated from the ova by the gastric juice. 
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38 booklets. It closely resembles H. murim, prevalent in rats. The 
proglottides, of which there are about 150, are quite narrow. The 

genital pores are lateral It has been shown that the worm may bore into 
the intestinal mucosa and cause diarrhea, nervous symptoms, and con- 
vulsions. The mode of infection is unknown, but it is assumed that 
cysticercoid and tape-worm develop in the same body. According to 



Fig. 164. — Taenia nana, a, the 
whole worm ( X 9) ; i?, head 

(X50); c, booklet (X 300); d, 
segment (X 50) ; e, egg (X 125). 
(After Leuckart,) 



Fig. 165. — F2gg of the dwarf 
tape-worm {llymenolepis nana) of 
man, greatly magnified. (After B, 
H. Ransom,) 


Man (tenia notium). 



Fig. Uif). — Plan of alternation of 
hosts with Taenia solium. (After 
Bollinger.) 


Stiles, the intermediate hosts of this tape-worm are insects and inyria- 
poda, which become infected from grain soiled with feces of the rat. 

Taenia solium^ (Linne, 1767), armed or pork tape-worm, may 
attain a length of 2 or 3 m. (6 to 10 feet ) ; it sometimes grows to a 
length of 35 feet and longer. It occurs in man, swine, sheep, cats, dogs 
and rats, monkeys, etc. It is of frequent occurrence in certain parts 
of Europe, and comparatively rare in North America. The proglot- 
tides are aljout 10 mm. in length and 6 mm. in breadth, and vary in 
number from 800 to 1000. The cystic entozoon (larva) of Taenia 
solium is called Cysticcrcus tcicv cellulosec, because it frequently was 


^ Latin : solus, alone, because it was supposed to be always alone. 
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found in the cellular tissue, ue., in the interstitial connective tissue. In 
man the cystic larvae often occur in tlie muscles, in the arachnoid, in 
the brain, eye, and heart, and may cause severe functional disturbances. 
The animal most frequently attacked by the cysticercus is the hog (in 
the muscular and adipose tissue, especially in the omentum). 



aig. 167. — Head of Cysticercus celluIos«T. .9, 4 suckers; wreath of 
large booklets; wreath of small booklets. (Zeiss Apochr., 16; Comp. 
Ocul., 4. Reduced Yi. After Latigcrhans,) 

The cystic entozotin forms a vesicle (cyst; hence, cysticercus) pro- 
vided with a long, thin process: the neck, upon the end of which is 
seated a biUlon-sliapccl enlargement: the heail. (See iMg. 170.) The 



Fig.* 168. — Diagram of the hosts of echinococcus. (After Bollinger,) 


head and neck can be drawn into the cyst (invaginated) ; they are iden- 
tical with the head and neck of Tccnia solium. The Cysticercus ceUulosce, 
therefore, is a tape-worm in which the segments (proglottides) are 
replaced by a vesicle (cyst). From the cysticercus a tape-womi is de- 
veloped, the vesicle being cast off and the segments growing from the neck 
iuul head. This occurs when a living cysticercus of the swine enters 
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the human intestine. The three forms — the six-hooked em- 
bryo, the cysticercus, and the tape-worm— represent 

only different stages of development of one and the 
same individual. Upon the scolex (head and neck) of Tccnia 
solium and Cysticercus ccllulosce are four equidistant, circular suckers. 
(See Fig. 167, .9.) A mouth does not exist. Nourishment is obtained by 

enclosmotic imbibition. If the scolex is viewed from in front, there 

can be seen between the suckers a number — 26 to 28 — of large and 
small, alternating long and short booklets, arranged in circular or 
wreath-like form: wreath of booklets. Between the booklets can be 
seen the radiate and concentricly marked musculature, which serves 



Fig. 169. — Two fairly mature Fig. 170. — Taenia solium, a, 

proglottides of Tamia solium, with head; b, proglottides; c, Cysticer- 

sexual organs and excretory ves- cus ccllulosa (iiivaginated and 

sels. Note that the vagina cuts protruded). (After Leuckart.) 

off a small portion of one ovary. 

(After C. IV. Daniels.) 

i 

for movement of the booklets. Viewed from the side, a circular promi- 
nence: the ro^tellum, which sometimes is pigmented, is seen to sur- 
round the crown of hooks. In the interior is a network of water ve.s- 
sels: water system. The most resistant parts are the booklets. These 
are chitinoiis structures, fastened by their bulbous ends to the paren- 
chyma; the free crescentic portion is pointed and can be raided and 
lowered by the muscles already mentioned, which- are inserted into the 
hook at two points and act antagonisticly. The concentricly lamellated, 
round or oval, strongly refractive bodies frequently observed upon the 
neck (readily soluble in IICl, leaving a slightly organized shell) are, 
like the blackish pigment of the head, indications of somewhat advanced 
age of the tape-worm. The eggs are oval and have a thick, radiately 
striated shell, within which can be seen the embryo with six booklets. 







/TT nrr 

Fig. 172. — Proglottis of Taenia saginata, with genital organs. Note that 
the vagina, V, passes round the left ovary and not through it. (After 
C. W. Daniels,) 


The cysticercus of Tccnia saginata: Cysticcrcus c tecnia medio- 
canellata, Cysticercus bovis, has the same head as Tccnia saginata and, 
therefore, has no booklets. It is found in the ox, especially in the 




Fig. 173. — Two ova of Taenia saginata. Fig. 174. — Diagram of the 

(Zeiss Apochr., 4; Comp, Ocul., 8. After hosts of Taenia saginata. 

Longer hans.) (After Bollinger,) 


muscles {pteryogoidei externi and interni), rarer in other organs (heart, 
etc.). It is somewhat smaller than Cysticercus celluloscc. 

Taenia africana (von Lin.stow, 19(X)) and Tccnia confusa (Ward, 
1896) have been observed in man, the former in German East Africa, 
the latter in Lincoln, Neb. 
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Taenia echinococcus (v. Siebold, 1853), dog tape-worm, inhabits 
the intestinal canal of the dog and wolf. It is at most 5 to 6 mm. in 

length. The cysticercus stage occurs chiefly in the liver and lungs of 
the sheep, ox, and especially of the dog. The head is small, 0.3 mm. 
in width, and has a double row of 28 to 50 booklets; the rostellum is 

comparatively large. The booklets are consitlerably (about %) smaller 
than those of Twnia solium. To the neck are attached three, at most 

four, proglottides, of which the last is much longer than the others, and 
alone contains the fully developed organs of reproduction. Tania 
echinococcus does not occur in man, but the cysticerci do : echinococcus 
polymorphus (echinococcus cyst), and most frequently in the liver, but 
also in the lungs, kidneys, spleen, bones, pelvis, nose, brain, etc. 



Fig 175. — Taenia echinococcus echinococcus membrane, 

of the dog. a, taenia ; i), booklets ; (Zeiss Apochr., 16; Comp, 

f, membrane fragment. (After Ocul., 4. After Langer- 

Leuckart.) * hans.) 

Echinococcus forms a cyst ( .so-called m o t h e r - c y s t ) echino- 
coccus unilocularis, which is firmly inclosed by an envelope, consisting 
of a reactive connective-tissue capsule derived from the surrounding 
tissue. The mother-cyst consists of two different layers: the ex- 
ternal is semittanslucent, grayish white, chitinous, and has a dis- 
tinctly lamellated structure (see Fig. 176) ; the external lamellae of this 
layer are the oldest; the internal the youngest. The lamellae are prob- 
ably a product of the internal, nonlamellated layer. This is the 
tbinnest, is highly granular, and forms the true germinal ot paren- 
< b y m a ko u s layer (endocyst) . Upon the internal surface of the 
l>arenchymatous layer are seated the so-called brood-capsules 
attached by a pedicle. The mother-cyst contains also a quite clear 
bquicl, almost entirely free of albumin, and depositing a sediment. This 
^biid has a specific gravity of from 1.009 to 1.015, and contains large 
amounts of leucin and tyrosin. Traces of succinic acid, inosite, and 
chloride, and sometimes large amounts of cholesterin, are found 
tliis fluid. Hematoidin crystals are rarely observed, most frequently 
echinococcus midtUocularis. (See p. 388.) Echinococcus of the 

25 
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liver usually contains grape-sugar, and renal echinococci sometimes con- 

tain crystals of uric acid, calcium oxalate, triple phosphate, and other 

earthy urinary constituents. The sediment of echinococcus fluid consists 
microscopicly of small vesicles: the so-called brood-capsules. 
The brood-capsules are local formations of the inner mem- 
brane of the mother-cyst : i.c., of the germinal layer. They have thin 
walls, about 0.004 mm. thick. In these also two layers can be distin- 
guished: a delicate, sharply defined internal ciiticula, which lines a 

cavity, and an external, which has the same structure as the germinal 

or parenchymatous layer of the mother-cyst. Both these layers, there- 



Kig. 177. — I'roni an echinococcic cyst. X 350. (After Lenhartz.) 

fore, occupy a position the reverse of what is observed in the layers 
of the mother-cyst; they are, therefore, inversions (invaginations) of 
the latter. According to Leuckart, echinococcus heads develop from 
the external layer of the brood-capsules: the external layer becomes 
thickened, forms a protuberance or bud, gradually increases in size anti 
length, and finally attains a cylindric, club-, or pear- shaped form. These 
protuberances are not solid, but hollow; the canal in the interior com- 
municates directly with the cavity of the lirood-capsule. At a later 
stage of development of the club- or pear- shaped protuberance into an 
echinococcus head, the latter is invaginated into the cavity of the brood- 
capsule and is now situated in the interior of the brood-capsule, being 
connected with the inner surface of the latter by a thin, muscular ped- 
icle. As a rule, not one animal — one tape-worm head — is found 
in one brood-capsule, but a colony of them. 

In the mature state the echinococcus head is an elongated struc- 
ture in which three portions can be distinguished : anteriorly, the short 
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rostellum with wreath of booklets, in the middle a broad segment with 
four suckers, and posteriorly a cylindric portion, somewhat rounded at 

the base, which forms the neck of the subsequent tape-worm, and which 
is attached to the brood-capsule by a slender, muscular pedicle. In the 




Fig, 178.— Echinococcus heads 
from a brood-capsule, still partly 
adherent; slightly enlarged. (After 
Longer hans.) 


Fig. 179. — Developed echino- 
coccus head. (Zeiss Apochr., 
8 ; Comp. Ocul., 8. Reduced 
After Langerhans.) 



Fig. 180. — Echinoccocus head 
with retracted wreath of booklets ; 
suckers not retracted. (Zeiss 
Apochr,, 8; Comp. Ocul., 8. Re- 
duced After Langerhans.) 



Fig. 181.— Echinococcus head 
with retracted wreath of booklets; 
suckers not retracted. (Zeiss 
Apochr., 8; Comp. Ocul., 8. Re- 
duced After Langerhans.) 


extended state the length of the whole echinococcus head is 0.3 mm. 
Invagination of the anterior portion tlie anterior head and armed 
rostellum) into the posterior portion usually occurs as soon as the 
echinococcus head — the subsequent scolex of the tape-worm — is fully 
•'cveloped. In this manner an almost round formation, about 0.18 mm. 
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in diameter, is produced. The points of the booklets are then usually 
directed upward and outward. (See Figs. 180, 181, 182, 183, inclusive.) 

The booklets are about one-sixth the size of the cysticercus hook- 
lets. The posterior segment of the head, which often appears to be 
separated from the middle segment (with the suckers) by a circular 
constriction, usually contains numerous, highly refractive calcareous 
granules. 

While Cysticercus cclluloscc is always solitary, the echinococcus 
occurs in colonies, a number of cysts being inclosed within each other. 



Fig. 182. — Echinococcus head 
with two retracted suckers and ob- 
liquely placed, but well developed 
wreath of booklets, (Zeiss 
Apochr., 8 ; Comp. OcuL, 8. 
After iMfigerhans.) 



Fig. 183. — Young tape-worm 
head with muscular pedicle at the 
base. Only the , suckers are in- 
vaginated, not the booklets. Ros- 
tellum is very distinct and some- 
what protruded. (Zeiss Apochr., 
16; Comp. Ocul., 8. Reduced 
After Langerhans.) 


Echinococcus multilocularis occurs almost always ifi the liver, rarely 
in the brain, spleen, and suprarenals, and is composed of vesicles, rang- 
ing to the size of a pea, separated by liver tissue. Little is known of 
its development. It is characterized by the fact that only a small por- 
tion forms scolices, the majority remaining sterile. The growth may 
attain the size of a child’s head. 

The echinococcus cysts grow slowly, but constantly. After eight 
weeks they are about 1 to uim. in size. The first brood-capsules 
appear upon the inner surface of the germinal layer after about five 
months. Echinococcus cysts of walnut- to apple- size are most fre- 
quently observed; sometimes, however, they attain enormous dimen- 
sions, provided a disturbance which causes their early death does not 
occur. Dead echinococci atrophy and finally calcify. On the other 
hand, they may suppurate, occasionally penetrate the intestinal canal 
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or lungs, and in the latter instance be expectorated. A portion of the 

liver tissue atrophies as the result of pressure of the echinococcus cysts. 

The importance of the echinococcus for the human organism essen- 
tially depends upon the location, the size, and the manifold secondary 



Fig. 184. — Two echinococcus heads united by a muscular pedicle. The 
larger echinococcus head is well developed; wTcath of booklets and suckers 
are invaginated. The smaller echinococcus head, to the left, has a poorly 
developed, obliquely placed wreath of booklets consisting of rudimentary 
booklets. (Zeiss Apochr., 8; Comp. Ocul., 8. After Langerhans.) 

disturbances. If the cyst ruptures internally, violent inflammations 
result; if it ruptures into the vascular system, embolic metasta.ses are 
formed. Suppuration, in which the whole cyst is usually involved, is 



Fig. 185. — Anterior portion of an echinococcus head with rudimcntarily 
devdoped wreath of booklets. Rostcllum large and protruded. (Zeiss 
Apochr., 8; Comp. Ocul., 8. Reduced %. After Laugerhans.) 

follow'ed by partial or general peritonitis if the echinococcus is seated 
near the peritoneum. In other cases suppuration is localized and some- 
times terminates in healing. In dead and suppurating echinococcus 
it is often very difficult to recognize the condition. The demon- 
stration of the small booklets, if present, is easiest, since these are very 
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resistant and last to disappear; it is often, however, very hard to dem- 

onstrate the booklets, especially when they are atypical in form and 

manifest deviation.S| such as are illustrated in Figs. 184, 185, and espe- 
daily Fig. 186. 

Sparganum proliferum, a cestode worm inclosed in a spheric or 
ovoid capsule, about 1 to 2 mm. in size, sometimes larger (2.5 mm. in 




t 



Fig. 186. — Echinococcus booklets of which only the first five arc developed 
and normal ; the remainder arc pathologic, rudimentary ; those in the last row 
are scarcely recognizable as echinococcus booklets. (Zeiss Apochr., 8; Comp. 
Ocul, 8. After Langerlians.) 


width and 8 nmi. in length), situated in the coriuni, subcutaneous 
and intermuscular tissues. It produces an acne-like lesion. The chief 
peculiarities are its “irregular shape and reproduction in the larval 
stage by formation of supernumerary heads which may become inde- 
pendent and wander through the tissue.^' (Stiles.) The heads have no 
suckers. Two cases have been observed: one, a man, 48 years of age, 



Fig. 187. — Two conccntricly laniellatcd liine-corpuscles from an echinococcus 
head. (Zeiss Apochr., 16; Comp. Ocul., 12. After Langerhans.) 

living in Florida; the other a woman, 33 years of age, living in 'Japan. 
In the man the infection had existed for twenty-five years; in the* 
woman for over three years. The life history and mode of infection 
are unknown, 

Dibothriocephalus latus, Trcnia lata (Linne, 1748), Bothriocephalus 
latus (Bremser, 1819), Swiss or broad tape-worm, looks like a tape- 
worm, and for this reason was formerly called Tania lata. The head 
is without booklets, knob-like in shape, somewhat flattened, and has two 
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fissure-like suckers upon its lateral margins. The neck is long, thin, 
and thread-like. The segments are broader than long, and measure up 

to 12 mm. in breadth. The genital opening is situated in the 'middle, 
upon the surface, n o t on the margin. It is the longest tape-worm, 
measuring up to 9 m. (28 feet) or more in length. It occurs in 
Europe, Africa, Japan, and North 
America. In Euroi)e, Russia, Nor- 
way, and western Switzerland 

(Lake Geneva, etc.) especially, are 

the localities where many persons 
suffer from Dibothriocc [>halns latus. 

The cysticerci of dibothriocephalus 
are found principally in fish (pike, 
salmon, perch, sea-trout, etc.). 

Alan is infected through ingestion 
of raw or insiifficicnily cooked fish. 

Drinking-water is considered a 
means of conveyance. It causes 
nervous and gastric disturbances, 
and not infrequently ju'ofound 
anemia. The latter is said to be 
due to a toxin secreted by the 
worm. ( See lug. TX), ) 

Another vanety, known as Dibothriocephalus cordatus ( I^euckart, 
1863), infests the inhabitants and the walrus, seal, and dog of Iceland 
and northern Greenland. The larvae are found in fish. 

Dibothriocephalus mansoni (Cob])old, 1883), found by Manson at 
autopsy in the peritoneum and abdominal cavity of a Chinaman in 
Amoy. 


Fig. 189. — Two ova of Dibothriocephalus latus. a, with lid: without 

lid. The contents have been partly expelled from the latter. (Leitz Obj., 6; 
Ocul., 3. After Langerhans.) 

Tape- worm generally irritates the wall of the intestine. This 
irritation of the intestinal nerves may cause various reflex actions, c.g,, 
salivation, dilation of the pupil, vomiting of watery or slimy masses, 
sometimes even convulsions. The irritation is always functional, ue*. 




Fig. 188.— Two proglottides 
of Dibothriocephalus latiis. En- 
larged 8 limes. (After Langer- 
hans,) 


392 ALTERATIONS aUSED BY ANIMAL PARASITES. 

upon the nerves, never nutritive or formative in nature. Hence, an- 
atomic alterations of the intestine never occur. 

The protozoa are microscopic aiumals in which no structure of 

tissues or organs can be made out. In man occur : rhisopoda, flagellata, 
sporonoa, and infusoria. 



Fig. 190. — Dibothriocephalus latus. a, worm, in sections; natural size; 
b, head, lateral and front views, (After Lcuckart.) 

The rhizopoda are represented by Entamoeba coli {Vulgaris mitts, 
dysenterice) , The amebae are the simplest forms of animal life. They 
are small masses of protoplasm, with a clear vesicle as nucleus, which 
possess the ability to undergo changes of form consisting of protrusions 
and withdrawals of substance: pseudopodia, and in this manner secure 
the power of locomotion. 
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Entamaba {amaba coli) dysenteria (Loesch, Councilman and 
LaBeur) is from 20 to 30 |u, in diameter. It is frequently demonstrated 

in tropic and subtropic regioaa as the cause of chronic (tropic) dysen- 
tery. If hepatic abscesses follow mis form of dysentery, as not infre- 
quently is tlie case, the same amebae are found also in the pus (Kartulis, 
Councilman and Lafleur). In the intestine propagation of the ameba 
occurs by simple division ; transmission to other hosts probably occurs 

by encysted forms, in which the nucleus divides into a number of parts, 
each surrounded by its own protoplasm. 

Entamoeba histolytica, a species described by Schaudinn, is regarded 
by many as identical with Eniamwba dysentericr. 

Entamoeba tetragena occurs in South America, southwest Africa, 
India, and Egypt. 

Dysentery has been produced in cats by rectal inoculation with both 
Entamoeba histolytica and Entamoeba tetragena. As pure cultures of these 


Man 

(PotkHocephaUtt him). 



Fig, 191. — Diagram of hosts of Dibothricephalus latus. (After Bollinger.) 

amebae have not as yet been obtained, the experimental results must be 
accepted with a certain degree of reserve. 

Mixed infection with bacilli and amebae is not infrequent, 

Flagellata s. mastigophora. — Trichomonas vaginalis (Lambl, 1837), 
intestinalis, s, pulmonalis : ovoid or pear-shaped body with three or four 
llagella upon one extremity and an undulating membrane running spirally 
across the body. Propagation occurs by fission. It occurs at all ages in 
the vaginal mucus; in young girls especially in catarrhal vaginitis. It is 
said to occur also in the oral cavity, stomach, small intestine, and colon 
{Tr, intestinalis), in the male urethra, and also in the lungs (Tr, 
pulmonalis). Drinking-water is supposed to be the medium through 
which it is introduced into man, probably causing diarrhea. 

Lamblia intestinalis (Lambl, 1859), Megastoma ewteriewm (Lambl, 
1859), Cercomonas intestinalis, is a parasite regarded by many as 
pathogenic in man. It has a pear-shaped body, a kidney-shaped cavity 
at the thick anterior end, and four pairs of flagella: three pairs on the 
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body and one pair at the pointed extremity. It occurs in the small 

intestine of rats, rabbits, cats, dogs, sheep, and man, 

Cercomonas hominis (Davaine, 1854). The body is pear-shaped 
with a long flagellum at the rounded end. It occurs in the intestine 
and air passages, and has been found in the sputum, in pleural exudates, 

and echinococcus cyst of the liver. 

Monas pyophilia is a flagellate, resembling a large spermatozoon, 
found by Grimm in the sputum and pus in a case of abscess of the lung 

and liver. 

Tiypanosomata. — The trypanosomes, which belong to the flagellata, 
were observed by Gluge, in 1841, in the blood of frogs, and named by 



Fig. 192. — Amoeba coli. From dysenteric stool. (Zeiss Apochr,, 1 ; 
oil immersion, M 2 * (After Lbsch.) 

Gruby, in 1843. They subsequently were found in the blood of a num- 
ber of warm- and cold- blooded animals, in the pathology of which they 
play an important role. Within recent years they have been demonstrated 
to be the cause of tropic affections of man (trypanosomiasis). (For Fig. 
193, see Plate IV, Fig. 4.) 

The trypanosomes have an undulating membrane running a!long the 
edge of the body, a large nucleus near the center of the body, a chro- 
matin mass called centrosome, micronucleus or blepharoplast, near the 
anterior pole, and upon the posterior pole a long, slender flagellum, 
which originates in the blepharoplast. Propagation occurs by longi- 
tudinal fission and also sexually by union of macrospores and micro- 
spores — ^gametes. They require an intermediate host for continuance 
of their existence. The following species are of most importance:— 



ALTERATIONS CAUSED BY ANIMAL PARASITES. 395 

Trypanosoma lewisi was observed in 1878, in India, by Lewis, in 
the blood of rats. According to Prowazek, transmission from rat to rat 

takes place by a species of louse. More recent investigation shows that 
the rat-flea {Ccratophyllus fasciatus) can transmit the trypanosoma from 
infected to noninfected rats. This trypanosome has been artificially cul- 
tivated in the condensation water of blood-agar by Novy and McNeal. 
Serum of infected rats protected white rats from infection. 

Trypanosoma brucci, discovered by Bruce, causes the tsetse disease, 
or nagana, in horses, donkeys, cattle, mules, cats, buffalo, and swine. 
Transmission occurs through species of the tsetse fly {Glossina mor- 



Fig. 194. — Glossina morsitans. (After Daniels.) 


sitans, furca, ^nd^pallidipcs). Antelopes are said to be the host of this 
species of trypanosome. 

Trypanosoma cvanst, tli.scovered by Evans, in 1880, causes the dis- 
ease known as “surra,’’ wdiich occurs in India and the Piiilippines in 
burses, donkeys, camels, caribou, and elephants. Transmission is said 
to occur through species of gadfly (I'abanidcc ) and storm fly {Stomoxys 
t alcitrans ) . 

Trypanosoma cqnipcrdiim ( Rouget, 1894 ) causes dourine, or equine 
\vphilis, in northern Africa, western Asia, and southeastern Europe. 

Trypanosoma cquinum (Elmassian, EX)!) occurs in South America 

causes the disease known as *‘mal de Caderas,"’ or sacral paralysis 
horses. 

Trypanosoma thcilcri occurs in cattle in South Africa. 

Trypanosoma dimorphon occurs in horses and cattle. 
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Trypanosoma gambiense Dutton) occurs in man. It is the cause 

of sleeping sickness {trypanosomiasis), the habitat of which is in the 

swamp regions of equatorial Africa — Congo States, Portuguese West 
Africa, and along the Niger and Congo Rivers in Central Africa.^ From 
there it has spread toward the Albert Nyanza, British East Africa, 
Uganda, and Victoria Nyanza. While the disease is widely prevalent 

among negroes, the white race is not exempt. Castellani was the first 
to discover trypanosomes in the cerebrospinal fluid of victims of sleep- 

ing sickness. The infection assumes a chronic course, and is charac- 
terized by anemia, erythema, headache, fever, vertigo, and lassitude. 
Emaciation, glandular swellings, edema of the body and extremities, and 
enlargement of the spleen subsequently develop. In addition to excita- 
tion stadia, epileptiform seizures are observed, and in the last stage an 
almost uninterrupted sleep. Symptoms of the disease may not occur 
until after a number of years. In most cases the disease terminates in 
purulent cerebrospinal meningitis. Transmission takes place by a biting 
fly, the Glossina palpalis. Streptococci have been abundantly found 
in the lumbar fluid and in the brain tissue, and these may be assumed 
to play a role in the meningitis and other symptoms of sleeping sickness. 
Trypanosoma gambiense can experimentally be transmitted to rats, mice, 
rabbits, dogs, and monkeys, usually with fatal result, but it has thus far 
been impossible to produce in any of these animals a disease like the 
sleeping sickness of man. It is probable that cattle and certain antelope‘s 
may act as hosts. 

Trypanosoma (Schizotrypanum) crnzL — Quite recently C. Chagos- 
found in Brazilian houses a bug, called Conorhinus megistus, the blood of 
which contained trypanosomes. The insect bites the face of man, mostly 
at night. Fever, edema, and swelling of the lower eyelids occur. The 
disease generally terminates fatally. Trypanosomes ^are found in tlie 
blood of patients. 

In kala-azar (black fever), febrile tropic, nonmalarial spleno- 
megaly, peculiar small formations, designated as Leishman-Donovan 
bodies, or corpuscles, are found within the endothelial cells of tlic 
capillaries of the liver, spleen, bone-marrow, and lymph-glands, an<l 
occasionally also free in the blood and within the white blood-<5orpusclc-. 

1 According to Scheube (see footnote, p. 567), the first report of the sleepla-r 
sickness in negroes was given in 1793 by Winterbottom, in “An Account of tl'' 
Native Africans in the Neighborhood of Sierra Leone.” Subsequently report^ 
were issued of its occurrence in negro slaves in the Antilles and in other parts < t 
the west African coast. The marked spread of the malady and its appearance i 
East Africa led, toward the end of the past and the be^nning of the present ct - 
tury^ to the sending of medical expeditions to investigate the disease, first by 
Portugal, then by England and Germany. 

2 Brazil medico, April 22, 1909, 
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Inoculated upon blood-agar these bodies develop into trypanosome- 
like, flagellated, actively motile structures, which increase by longi- 

tudinal division, but do not possess an undulating membrane. Fever, 
at first intermittent, later continuous ; gastrointestinal disturbances, 
swelling of the liver and spleen, edema, anemia, and exhaustion are the 

chief symptoms. Hemorrhages into the skin, brain, and mucous mem- 
branes, and sometimes ulceration of the oral mucous membrane and of 

the intestine also occur. The disease is assumed to be transmitted by 

biting insects. 

Leishman-Donovan bodies are found in the tissues also in so- 
called Delhi sore, oriental boil, tropical ulcer, which 
is characterized by the successive formation of a papule, pustule, and 
painless, indolent ulcer upon surfaces exposed to insect stings. The 
usually multiple ulcers heal slowly, leaving radiate, pigmented cicatrices. 
Occasionally the ulcers are the seat of violent inflammation. 

Sporozoa. 

The sporozoa are unicellular protozoa with cuticula and nucleus, 
without organs of locomotion (i.c., without pseudopodia, flagella, cilia), 
riiey perpetuate themselves by endogenous spores. Several suborders 
may be distinguished : coccidia, gregarinida, hoemosporidia, sarcosporidia, 
and myxosporidia. 

The coccidia* are ovoid and spheric bodies which, in their early 
stages, are membraneless, protoplasmic masses and inhabit epithelial cells ; 
later, when developed, they are surrounded by a capsule and form spheric 
and rod-.shaped endogenous s|x>res. The latter are set free by death 
of the cells and rupture of the capsules, and enter other epithelial cells. 

The coccic^ia develop by alternation of generation, i.e., by sexual and 
asexual increase. Asexual development is completed within the host (endogenous 
nicrcase: schisogoiiy), by which the original germ {schisont) forms young 
individuals (merosoites) by simple fission. Sexual development occurs outside the 

upon the ground (exogenous increase: sporogony), in which the sporont 
produces young individuals {sporozoites) b> sporulation. The nierozoites are dis- 
tinguished from the sporozoites by the presence of a karyosorne (nucleolus). The 
iiRTozoit€% produced by schizogony do not, as a rule, escape outward, but reinfect 
new epithelial cells and so forth until exhaustion of asexual propagation. Then 
the merozoites in the epithelial cells begin to form sexual individuals (gametes) ; 
file mules (microgawetocytes) have a clear, the females (macrogametes) a coarsely 
'Tanular, protoplasm. The microgametocyte elements consist essentially of nucleus 
and two flagella (the microgametes) ^ which copulate with the niacrngametes. After 
fin* latter have cast out a part of the karyosorne, karyogamy of both sexual nuclei 
•I'ld the formation of a membrane around the parasites occur. In this manner 
’Hginates the sporozont or the oocyst. In these, when they reach the outside, 
d velop four encysted sporoblasts, which, in turn, produce each two sickle-formed 
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sporozoites. If these now enter the intestine, tliey infect the epithelial cells and 
become schizonts. 

In rabbits (Eimcria stiedae) Coccidiiim cutticuli {oviformc) pro- 
duces large, yellow nodules in the liver, causing icterus, interstitial hepatitis, 

and, finally, death. This parasite occurs very rarely in the human liver. 

Other species which have been observed in man are : Coccidiiim hominis 
and C, bigcminum. 



Fig, 195. — Coccidia. (After Daniels.) 

The gregarinida are minute, round, or elongated formations in- 
habiting the cells of worms and cchinoderms. 

The heemosporidia are about the same size and shape as the 
gregarinida, and are found within the red blood-corpuscles of crows, 
owls, woodpeckers, and frogs. In man they are the cause of inter- 
mittent or malarial fever. 

HJEMOSPORIDIA; MALARIA. 

Although malaria occurs almost everywhere in a zone of 40 
south to 60 north latitude, it is essentially a di.sease of warm countries. 
Only elevations in which the temperature is too low for the development 
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of mosquitoes and perfectly dry regions, like the Sahara and the deserts 
of the western parts of the United States, are exempt. In the tern- 

perate zone the disease occurs chiefly in midsummer and autumn; in 
hot countries the beginning and especially the end of the rainy sea- 
son are the chief periods. Unlike the majority of infectious diseases, 

malaria is never directly conveyed from man to man. 
It is, therefore, in no sense contagions. In order for a Iicalthy person 
to be infected, the blood from an individual suffering from malaria must 

artificially be injected into the blood-channels, or the causative agent 
introduced through the sting of an insect in the manner subsequently 
to be described. 

It is doubtful whether the malaria parasite passes from mother to fetus. 
Pepozoulos and Cardaniatis^ examined most thoroughly six newborn of malarial 
mothers. The blotKl the placenta on the maternal side contained numerous 
plasinodia, but none was found on the fetal side. The same results were obtained 
also in the umbilical cord. These authors were thus able to confirm the statements 
of Bignami and Sereni, to the effect that malarial infection of the mother exerts 
no influence upon the development of the fetus. (See p. 408.) 

Until a short time ago malaria was considered to be the type of a so-called 
miasmatic disease. Swamps were supposed to be its breeding place ; the virus 
was believed to enter the human body from the soil through the agency of drinking- 
w’ater, but principally with the air inhaled. This view of the significance of the 
atmospheric air as the carrier of the disease was so dominant for ages that the 
malady w^as designated as malaria, i.e., “bad air.’’ 

The living nature of the malarial virus was discovered by Laveran, in 
1880. He found in the blood of a remittent fever patient not only the asexual 
ameboid forms of the parasite, which he called '"corps spheriques pigmentes” but 
also the sexual forms — the crescents — and particularly flagellate forms. Owing 
to the flagellate forms, Laveran first called the malarial parasite Oscillaria inalari(pj 
but soon abandoned this name as inappropriate. Laveran’s discovery was confirmed 
by Richard, in 1882. The Italians. Marchiafava and C'clli — to whom Laveran had 
demonstrated his .discovery in 1882 — after much opposition finally admitted that 
the microbe designated as Plasmodium malaricc^ was the parasite of malaria, and 
that probably it increased by segmentation. Golgi, however, was the first clearly to 
demonstrate, in the autumn of 1885, the developmental process of the quartan 
parasite, and in the following year amplified his investigations by the discovery of 
the tertian parasite and its relation to the course of the fever. In 18^, Marchiafava 
and Celli recognized the much smaller parasite of estivoautumnal fever as the 
cause of the true tropical fever and distingui.shcd it from the larger tertian and 
quartan parasites. In 1897 the sexual forms of the parasite and the significance of 
the flagella were first correctly interpreted by MacCalluin. 

The malaria parasites are transparent, unicellular ani- 
mals, staining with dyes such as methylene-blue. The stained pro- 
toplasm shows a nticleus surrounded by an uncolored, so-called 

1 Grece medicale, Oct. 1 and IS, 1906; Ref. Fortschritte der Medizin, 1907, p. 38. 

2 Parasite of quartan fever. 
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achromatic zone (vesicular nucleus). They belong to the family 

of protozoa, probably to the class of sporozoa, suborder hmosporidk, 

and are true cellular parasites. The minute globular, or disk-shaped, 
mass of protoplasm, of which they are composed, manifests more or 
less active ameboid movement, and when brought into the blood at- 
taches itself to a red blood-corpuscle, enters it, grows quite rapidly, 
sooner or later loses its ameboid movement, and consumes the attacked 
corpuscle, transforming the red coloring matter — the hemoglobin — into 
a granular, blackish pigment: melanin. When grown, the para- 
site divides by segmentation of the nucleus into a limited number of 

Fever day Fever day 


1st day 2d day 3d day 4th day 



Fig. 196. — Development of Plasmodium vivax, tertian parasite, in the 
red blood-corpuscle, A, B, C, D, etc., in its relation to the temperature curve 
of the patient. Schematic. (After Doflein.) 


parts, varying from 6 to 30 in different varieties — so-called mero- 
zoites or schizonts — which enter the blood, qttack new red 
blood-cells, again undergo in them the development already described, 
and, finally, divide into a similar number of daughter-cells. This 
cycle of asexual development or schizogony is repeated 
again and again, and each out swarming of mero- 
zoites and invasion of new red blood-corpuscles 
always corresponds to a febrile paroxysm. (See Fig. 
196.) 

Up to the year 1897 there was no knowledge of the manner in which these 
parasites entered the blood. In 1898, Ronald Ross discovered that a typical malaria 
of sparrows was always conveyed by the bite of mosquitoes, and he was the first 
to advance the view that probably human malaria also was disseminated by mos- 
quitoes. The Italian, Bignami, had almost synchronously arrived at the same con- 
clusion in another way. P. Manson also considered mosquitoes to be conveyors of 
malaria, but he believed that after gorging themselves with malarial blood and 
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depositing their ova in water they decomposed and thus infected persons who 
drank such waterA The experiments of Ross and Manson upon the role of 

mosquitoes in the propagation of malaria were continued by B. Grassi, and it is 
principally through his researches, aided by those of a number of other investigators, 
that we now are fully informed that not any kind of mosquito, but only such as 
belong to the genera of the Anophelinte, seem capable of conveying the 
malaria of man. Numerous investigations by Grassi and others showed 
that mosquitoes of this genera — Anopheles claviyer, guadrimaculata, or maculipennis, 
etc. — convey malaria only after a certain time: about from ten to thirteen days 
after it has sucked malaria germs with the blood. (See pp. 402 and 405.) 

With the recognition of the definitive host of the parasites and 
of the life cycle through which they pass in its body, the important role 
]dayed by the sexual forms, until then regarded simply as degeneration 
products, was at once revealed. The sexual forms alone 
convey malaria to the mosquito, sexually multiply 
in it, and, after a certain period of development, 
wander into man through the bite of the mosquito. 
This process of sexual propagation in the mosquito is called sporofifOliy 
(amphigony). ( See p. 405. ) 

Among the mosquitoes w^hich are of interest in this regard are to 
be distinguished the genera culcx and anopheles, Culex is our ordi- 
nary mosquito; anopheles the common mosquito of tropical countries. 

I loth arc distributed in numerous species over the greater portion of 
the known regions of the globe. The culex species convey the malaria 
of birds; the anofhclcs''^ convey human malaria from diseased to healthy 
individuals. 

Very numerous species of anopheles are distinguished. According to Grassi, 
in Italy there are principally four species, the most widely distributed being 
Anopheles maculipennis, then A, superpictus, A. pseudopictus, and A. bifurcatus; in 
tropical Africa, tlie A, funestus; in the forest districts of South America, the tiny 
Anopheles Lutsii, 511 distinguished from each other principally by different spots 
upon the anterior margin of the brownish wings, and their angular resting posture 
upon a vertic surface, which arc chief characteristics of them. (See Fig. 197.) 

^ Nutt all has shown that much earlier there prevailed in various malarial 
^unntries the popular belief that mosquitoes were in some way connected with 
uirilarial infection, and Noth, of America, in 1848, asserted that mosquitoes bore a 
’ < lation to malaria. R. Koch also relates in his reports of his expedition that the 
u<groes of the East African Usambara range called malaria Albu or Mbu, and that 
associate it with mosquitoes, which also they call Alhu. Likewise, it has 
»'ctntly been demonstrated that the inhabitants of Ceylon have, since ancient 
tunes, referred this disease to the bite of certain mosquitoes, 

J This mosquito was called anopheles, i.e,, *‘no use,” by the Swedish naturalist, 
I one hundred and fifty years ago. According to Craig, of this genus the 
t ’liowing have experimentally been shown to transmit the malarial parasite 
In Africa: A, costalis, A, paludis. A, funestus. 

In India: A, sinensis. A, rossii, A. cuhcifacis, A, iheobaldi, A. barbirosHs, 
jn Europe: A, superpictus. A, maculipennis. A, bifurcatus. 

In America : 4. maculipennis, A. argyrotarsus. 

26 
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The anopheles are easily distinguishable from culex in the egg, larval, and 

adult forms. The eggs of anopheles are laid singly; the larvse lie parallel with 

the surface of the water. As all mosquitoes require water for their development, 
malarial prophylaxis is concerned with the destruction of ponds, pools, or marshes 
of stagnant water. 

Of all biting flies and mosquitoes, only the females suck blood 
and hence transmit diseases. The males are harmless vegetarians. 
The females also can live for a long time on vegetable nourishment, but when they 
have become sexually mature and ready to deposit their ova they require 
under all circums ances a richly albuminous food, such as 
blood. 

A B 

I'ig. 197. — A, culex at rest; B, anopheles at rest. 

If the blood of a person who has suffered with malaria for at least eight days 
is sucked by an anopheles, the asexual malarial germs (schizonts) are digested in 
the digestive tract along with the red blood-corpuscles. This is not the case, how- 
ever, with the sexual forms of the parasite (gametes), which appear in the blood 
of a malarial person from the eighth to the tenth day after onset of the fever. 
In tropic malaria these appear as crescents and in tertian and quartan fever 
as large spheres with granular contents, completely filling the attacked red 
blood-corpuscles. The development of the gametes, which occurs principally in 
the spleen, bone-marrow, and brain, is slower than that of the schizonts. In the 
latter the nucleus consists of the intensely staining karyosome and the faintly 
or non- staining alveolar seam which surrounds it. The cytoplasm of the 
parasite is extremely finely reticulated. On further growth a clear vacuole appears 
alongside the nucleus, and the attacked red blood-corpuscle may be stippled, prob- 
ably by precipitation of a substance digesting it. The ameboid movements of the 
Plasmodium increase ; pigment granules appear as excretory products in its interior ; 
the nucleus becomes vacuolated and at first divides by mitosis, later • by 
a m i t o s i s . According to the species of plasmodium, from 6 to 30 — average 16— 
daughter-cells are formed, which become free, attack new red blood-cells, develop 
in them, and asexually divide by fission into the same number of schizonts. 

The gametes, or sexual forms, of the parasite in tertian and 
quartan infections appear in two forms, namely, as male and female. 
The latter, the macrogametes, are somewhat larger, finely gran- 
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ular, possess a small chromatin granule, and usually stain more deeply 
than the microgametocytcs, or “sperm cells,” which, with the same 

staining, appear paler, possess a large chromatin nucleus, and are 
strikingly rich in nuclear substance, and, therefore, poor in cytoplasm. 
In the blood of a malarial person they circulate passively without 
undergoing any further change, waiting only to be taken into the 
digestive tract of the mosquito. When this has occurred, that is, when 
a mosquito has filled its stomach with blood, they are digested along 
with the red blood-cells. This occurs also in anopheles, but it generally 
digests only the asexual forms. As long as the temperature is not too 
low — not below 18° C., in other forms a minimum of 16° C. — new life 
comes into the thus-far resting gametes. Within ten, at most twenty, 
iniinites after the blood has left the warm body of a malarial person 
for the relatively cooler stomach of the mosquito, the microgametocytes, 



Fig. 198. — Wing of female Anopheles maculipennis, highly magnified, show- 
ing spots. The wings of culex are not spotted. 

* 

or sperm-cells, shoot forth each six delicate, actively motile threads of 
living plasma provided with several enlargements. These soon become 
free, and, as the true microgametes, or males, very actively seek the 
resting macrogametes, or females.^ The latter have in the 
mean time protruded some of the nuclear substance as the so-called polar 
body and presei?t to the microgametes, which they chemicly attract, the 
‘conception node.’’ When the fecundating microgamete enters, 
it is imbedded in hyaline substance, male pronucleus and ovum nucleus 
coalesce, and cell cleavage begins. Although the macrogamete;3 are always 
more numerous in the blood than the microgametocytes, all of them are 
fecundated by the greater number of microgametes thus separated from 
tlie microgametocytes. 

The fecundated cell very soon becomes spindle-shaped and motile ; there- 
fore, it has been named o 6 k i n e t . With the pointed end it bores into or be- 
tween the epithelial cells of the mosquito’s stomach, where it develops by cleavage 
'nto a round or spheric body — oocyst — about the size of a red blood-corpuscle, 
which protrudes more and more toward the outer surface. Up to 200 such oocysts 

^ This process can be observed also in fluid blood preparations on the warm 
stage of the microscope. 
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have been observed in a single mosquito stomach. The oocyst rapidly increases to, 

six to eight times its original size, and within it appear a number of small, round 

bodies, daughter-cysts or sporoblasts, within which develop great numbers of 
sporozoites or sickle spores. In the interior of each oocyst up to 10, OCX) sporo- 
zoites, or sickle spores, named from their shape, are formed : 200 x 

10,000 — 2,000,000 in a single mosquito ! When ripening of the oocyst is completed 
it bursts as a result of the internal pressure of its contents and the sickle spores 
(young generation of plasmodia) enter the body cavity of the mosquito. From 
there they are drawn, probably by chemotactic action, into the trilobed salivarj'* 



Fig, 199. — Double development of the tertian parasite in human blood 
and in anopheles. 1-3, development of asexual forms; la'3a„. development of 
sexual forms, female ? and male cf ; I-III, development of the parasite in 
the mosquito stomach; I, copulation; the microgametes set free from the 
microgametQC)rtes ; each unites with a female macrogamete. II and III, 
development of ookinetes; IV and V, development of oocyst in the stomach 
wall of the mosquito; VI, cyst with sickle spores; VII, single sickle spore 
from the salivary gland of the mosquito, entering with the saliva of the 
mosquito into the blood circulation of man, where development begins* anew, 
(After R. Ruge.) 


gland of the mosquito, where they temporarily remain imbedded in the cells of 
the glandular parenchyma until they are injected with the saliva through the hollow, 
needle-like hypopharynx of the mosquito into the blood-channels of the person 
bitten. Here the small, actively motile sickle spores enter the red blood-corpuscles, 
soon swell up in them, at first become ovoid in shape, and after three hours, at 
latest, are exactly like the asexually developed schizonts. From now on they begin 
their asexual segmentation in the manner already described. 
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The spread of malaria occurs, therefore, as it were, in the form 

of a chain formed alternately by two links, namely, man (or mam- 
mal or bird, which also have their particular malarial parasite), and the 
blood-sucking female mosquito, (See Fig. 199.) The 
malarial individual, or malarial animal, infects the respective 

mosquito, and this again infects a healthy man or ani- 
mal. From a zodlogic standpoint we have to deal, in malaria, with 

a so-called alternation of generations {metagenesis), that is, 
a sexual generation produces an asexual. This meta- 
genesis, furthermore, is dependent upon a change 
of host. As the asextial form is adapted to a life in the blood of 
a warm-blooded animal and dies outside it, the sexual form, on the 
other hand, requires removal from the blood-channels and transference 
to the intestines ( mesentcron ) of a certain species of mosquito in order 
to copulate and thus conii)lete its cycle. The former process is called 
schizogony; the latter amphigony (designated as sporogony in 
the schema of Ruge). 

The whole process of amphigony, or sexual propagation, of the 
malarial germ in the mosquito takes place in tropical malaria in eight days at an 
optimum temperature of from' 28® to 30® C: at lower temperatures more slowly — 
in from ten to twelve days; in other words, eight days, or from ten to 
twelve days after an anopheles female has sucked the 
blood of a malarial person, its sting can convey malaria, 
and, as has repeatedly been demonstrated, a single bite of an infected 
a n (j p h e 1 c s suffices to infect a healthy man with malaria. 
W hen the invading germs have sufficiently increased, the 
first malarial paroxysm begins, after an incubation period 
of from ten to thirteen days. 

Insufficiently treated malarial persons who w^ere infected during 
the previous suAimer provide the infectious material for the mosquitoes 
for the first new infections* (malarial parasite carriers). 

Mosquitoes convey malaria only in localities where malarial 
persons are a source of infection, for the malarial parasites die out- 
ride the body of the mosquito and are never transmitter! to ith offspring. 

According to numerous investigations, three well-charac- 
t c r i z e d forms of m a 1 a r ia are observed in man, which 
'ire produced by specific, but closely related, parasites: — 

1. First, the Plasmodium praecox, by far the smallest but most 
malignant form, produces the pernicious malaria of the tropics 

* In S3 out of 146 persons free from all indications of malaria, G. lanni 

Policlinico, xvii, No. 49) found malaria plasniodia in the blood. When the 
’ lusitcs were lodged in the internal organs, a therapeutic dose of strychtnne 
‘ 'ised them to appear in the peripheral circulation within from one-half to one hour. 
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and the subtertian or estivoautumnal fever of the subtropics. 
Only the young germs of the plasmodium manifest ameboid movements. 

A number of them (up to five) may attack a single blood-cell, but very 
soon they come to rest and then usually assume a ring form. 
The parasite grows to only about one-third the size of the red 
blood-cell and forms but little pigment. The attacked blood-cell is never 
paled or enlarged; on the contrary, it is rather shrunken, becomes almost 
angular, and acquires a peculiar brassy color. After from twenty-four 

o o 

Fig. 200. — Plasmodium praecox, the parasite of malignant, so-called per 
nicious, malaria in three different stages of development, inclosed in re< 
blood-corpuscles. (After Mannaberg,) 

to forty-eight hours the parasite segments into from six to thirty spores, 
which, becoming free, begin a new cycle. Segmentation occurs almost 
exclusively in the internal organs, principally in the finest arterial 
branches of the spleen, brain, and bone-marrow, and intestinal mucosa. 
After eight days' sojourn in the human blood it forms the sexual forms, 
the crescents, first described by Laveran, which occur in no other 
form of malaria, and are, therefore, pathognomonic of this variety. 
The microgametocytes are, in general, somewhat smaller and stain paler 

O <f 

Fig. 201. — Sexual forms of the same; characteristic crescents. Left, two 
rudimentary crescents inclosed in red blood-corpuscles; the remaining arc 
free, because the attached corpuscles have been consumed. (After ilfanna- 
herg,) 

than the macrogametes. Owing to their development in the internal 
organs, the segmenting forms of the parasite of this malarial fever, 
called also tropic fever, are seldom found in the peripheral cir- 
culation. Ordinarily, they appear here only when these very small 
rings have become larger. However, a collection of small* 
delicate rings, which are only one-sixth to one- 
eighth as large as a red blood-corpuscle, is always 
pathognomonic of. tropic malaria. The most certain are 
the crescents. (See Fig. 201.) 
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The Plasmodium fracox is constantly endemic only in the tropics; 
in southern Europe it occurs only during the hottest period, from July 

to September, for which reason the fever caused by it is called estivo- 
autumnal. The beginning of this severe form of malaria is usually 
apparently benign, manifested less by chills than by dull headache and 

languor, though severe symptoms may very quickly develop from it. 
The febrile paroxysms then occur not only every two days, but very 
often every day, so that one speaks of a quotidian, and last con- 
siderably longer than in the other forms of malaria, in severe infections 
even for from thirty-six to forty-eight hours. In the individual attacks 
the fever does not fall to normal, but lasts as a continna, with short 
remissions. Marked swelling of the spleen and great exhaustion occur, 
and to these may be added convulsions, syncope, vomiting, and diarrhea, 
with jaundice, intestinal hemorrhage, long persistent stui>or, until finally 
the patient succumbs to the infection. 

In certain regions, such as west and east Africa, but not in India, if quinine is 
taken prophylacticly in large doses for a long time — at least half a year — destruc- 
tion of the red blood-cells may occur so rapidly after onset of this severest form 
of malaria that the liver is no longer able to transform the large amount of 
hemoglobin liberated in the blood into bile-coloring matter; therefore, a greater 
part of it is excreted through the kidneys, producing hemoglobinuria. The 
urine voided during the course of the fever then appears dark red to black : black- 
water fever. As a result of the enormous solution of red blood-cells, the renal 
tubules, on further course of the disease, become completely occluded and no urine 
can be secreted. ^Autointoxication of the body, chills, vomiting, and 
diarrhea set in and death occurs. 

After recovery from the first paroxysms there are recurrences and 
new infections, until finally a chronic malaria, or malarial 
cachexia, develops, in which, in addition to marked tumor of the 
spleen, swellings of the liver with icterus, continuous irregular fever, 
severe digestive disturbances, and increasing anemia, with general 
<lebility, occur. 

In children this form, like other malarial attacks, often begins with 
high continued fever, accompanied by convulsions, the characteristic type 
of disease appearing only after a time. In old persons, on the other 
hand, the severe form often progresses with only moderate fever; but 
in spite of this, great drowsiness and exhaustion very rapidly occur, 
which may often unexpectedly and rapidly cause death. 

The dark-skinned native, especially adult negroes, is much less 
'susceptible to the severe form, as well as to any form of malarial in- 
i^^'ction, than Europeans. This was believed to be due to immunity 
acquired in the course of many generations; we now know, however, 
^hat this is incorrect. The adult blacks are immune only because they 
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have had the disease in childhood, and thus have acquired im* 

munity. 

The mortality of pernicious malaria is very high amot^ Ett- 
ropeans, and may reach 50 per cent.; from 20 to 30 per cent, is said 
to be the average mortality. Malarial women abort very often; for 
example^ it is said that 46.6 per cent, of pregnancies in India are 
interrupted by malaria. 

2. The Plasmodium vivax (tertian parasite) is the largest of the 
three species of malarial plasmodia. It usually singly attacks a red 
blood-corpusclc, which it finally consumes. It grows rapidly, shows 
active ameboid movements by protrusion of pseudopodia, forms a 
large amount of finely granular pigment, and strongly distends the 




Fig. 202. — Plasmodium vivax, parasite of tertian fever. In the upper 
row and on left of lower row, various stages of intracorpuscular develop- 
ment; the two last figures in lower row are free sexual individuals, micro- 
gametocytes (sperm cells) which are about to set free the microgametes or 
males. (After Reinhardt.) 


invaded red blood-cell, which shows changes in staining properties — 
when stained with methylene-blue it has a pale-green, color. A new 
generation is developed every forty-eight hours, whereby the mother- 
cell at the beginning of the febrile paroxysm — in the chill stage — divides 
into from eighteen to twenty-four daughter-cells: so-called schizonts. 
This development occurs also in the internal organs, principally in the 
spleen and bone-marrow, though, in contradistinction to the tropic form, 
numerous segmenting stages are found also in the peripheral blood, so 
that the growth of the parasite can be followed from beginning to end 
in preparations made from the blood of the patient. As the parasite 
causes a febrile paroxysm every third day, this form is called ter- 
tian fever. On microscopic examination of the blood the findings 
in enlarged red blood-corpuscles, of plasmodia pre- 
senting pscudopodia is proof of the tertian para- 
site. Eight days after infection the sexual forms, or gamtHs, 
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appear, always in the form of very richly pigmented 
spherules. The female gametes, in general, appear s(«newliat 

larger ^nd more deeply stained than the males, which stain paler, but 
have a larger chromatin body. In this form also the process of devel- 
opment of the gametes is completed in the body of anopheles in eight 
days at a temperature of 28® C. Further development is impossible 
at a temperature of 17® C., or lower. This fact corresponds with the 
distribution of Plasmodium %nvax, which, outside the tropics and sub- 
tropics, may extend during the warm periods of the year over the 
temperate zone. 

3. The quartan form of malaria is produced by the quartan 
parasite, discovered by Laveran, and called by him Plasmodium 
malarias. This form is difficult to cure, and occasionally gives rise to 
pernicious attacks. It is much more sluggish, and grows slower than 
either of the other varieties. The spheric young parasite attacks 

® ® ^ 

1 2 3 4 5 6 

Fig. 203, — The asexual development of Plasmodium malariae, quartan 
parasite: 1-4, in red blood-corpuscles; 5, schizonts arranged radiately, the 
corpuscle completely destroyed, only a central clump of melanin granules 
remaining; 6, single schizonts separating from each other. (After Golgi,) 

a red blood-cell, within which it grows slowly and without distinct 
motility. From it sometimes develop small bands, which gradually 
become broader, and are provi<led with partly actively oscillating pig- 
ment-granules. llie attacked blood -corpuscle is not en- 
larged, and tS tains like a normal cell. The development 
‘-tages of the parasite can very easily be followed in the peripheral 
blood. The growth of the sexual parasite is ended in seventy-two 
hours, and it, therefore, produces a febrile paroxysm every fourth day; 
bence, this fever is called quartan fever, or quartana. Seg- 
mentation of the developed quartan parasite begins three hours before 
ibe expected febrile paroxysm, and may not be completed until several 
hours after appearance of the fever. Only from eight to twelve young 
parasites (spores) are formed, the pigment, consisting of the blood- 
^'lystals, as remains of the digested red blood-cell, generally collecting 
in a cluster in the middle (daisy form), Jess often anywhere at the 
inargin, of the young parasite (spore) group. The digested blood- 
orpusefc then bursts, the young parasites disperse and attack new red 
blood-cdls, whereby the febrile paroxysm originates. The pigment cir- 
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culates in the blood until it finally is arrested in the capillaries of the 

Spleen snd liver, where it is deposited find rendered hsnnless. 

The sexual forms, the gametes, appearing at earliest ten days 
after the first febrile attack, occur in this form quite sparingly. Like 
the previously described variety, they are spheric, never cres- 
centic. Here, also, the microgametocytes stain less intensely than 
the macrogametes, whose chromatin body is smaller. Their fecunda- 
tion and further development in anopheles progress at a temperature 

of 18.5° C., but not at 30° C.; therefore, the area of distribution of 
this form of malaria most often extends toward the poles, and much 
less toward the equator than the previously described more severe forms. 
It is the form of malaria usually observed in south Europe, United 
States (?), and is found sporadicly even as far north as the Tundra 
of Lapland and Siberia. 

According to the number of infections, many generations of the 
same form, or different forms, of malaria may coexist in the blood of 
one patient. Strange to say — probably because they were inoculated 
from the anopheles into the human body at the same time at evening — 
they are usually about twenty-four hours apart in their development. 
Thus, in double tertian and in triple quartan a febrile paroxysm 
occurs every day ; in double quartan a paroxysm occurs on two suc- 
cessive days, but none on the third day. Occasionally tertian and quartan 
forms occur in the same individual, producing quite complicated febrile 
curves and symptom-complexes. 

Of all these varieties of malaria the tropic form is the most frequent, not 
only in the tropics, but also in the subtropics. The tertian variety is almost 
as frequent there, while the quartan form is relatively very rare. For example, 
the lowlands of India gave the following ratio of relative frequency, based upon a 


large amount of clinic material : — ^ 

Tropic 48 per cent. 

Tertian 46 “ “ 

Quartan 3 ** ** 

Mixed infection of tertian and tropic 3 “ 


Here, therefore, the most malignant forms of the disease are most frequent. 
In the subtropics, on the other hand, tertian and quartan are more frequent; in 
the most northern malarial countries quartan, owing to its relatively slight demands 
of temperature for the development of its sexual forms in the mosquito, prepom' 
derates by far. 

One can very easily be convinced of the enormous injury which even a 
relatively benign malarial infection exerts upon the blood of the infected person. 
Even after a few febrile attacks the number of red blood-corpuscles falls con- 
siderably. From 5,000,000 per cubic millimeter they finally sink to half this number 
and lower; indeed, in extreme cases the number of red blood-corpuscles has been 
observed to fall as low as 500,000 per cubic millimeter, which, of course, is incom- 
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patible with furthtr life of the infected individual The most destructive is the 
tropic form* Dionini observed that a single paroxysm of this form in man destroys 

upward oi a million red blood-corpuscles per cubic millimeter; 200,000 per cubic 
millimeter appears to be the average destruction in a severe paroxysm. This 
enormous destruction of blood-corpuscles is not produced solely by disintegration of 
all the red blood-corpuscles attacked by the plasmodia; the plasmodia also exert a 
specific toxic action upon the blood-cells through toxic metabolic products. The 
toxic action is so far reaching that the so-callcd chemotaclic Icucocytosis, observed 
in other infectious fevers as a defensive measure, here plays only an insignificant 
role. The enemies are too numerous and the defensive Icucocytosis too slight. 
\\ hile it is true that the malaria plasmodia are taken up in the spleen and bone-mar- 
row by the so-called macrophages and thus rendered harmless, the new 
formation of parasites is so active and rapid that the disease, in the absence of 
specific treatment, does not in the majority of cases spontaneously subside. Never- 
theless, mild cases occur in which the body overcomes the malady without interven- 
tion, even after a few febrile paroxysms. If the malarial person leaves the malarial 
region in which he was inoculated and goes to a nonmalarial district where 
anopheles do not exist (elevations abo\e 3500 feet), the malarial plasmodia, after 
a longer or shorter series of asexual segmentation, will be transformed into gametes 
or sexual forms and must then pass through the mosquito in order again to become 
virulent and capable of producing the fever. 

Patients with pernicious malarial infection who return to a non- 
malarial climate after a time harbor in their blood almost only cres- 
cents, i.e., the sexual forms of the malig^iant Plasmodium prevcox. If 
the j)atient is not too debilitated, he will slowly recover from the in- 
fection and the <irescents gradually disappear from the blood, as well 
as from the internal organs. According to R. Koch, an immunity to 
new infection develops after years of duration of the disease, so that 
even inhabitants of malarial districts are insusceptible to new attacks 
in spite of the sting of infected anopheles. This immunity is acquired 
l)y numerous dark-skinned races. For acquisition of this 
immunity, however, it is necessary that the natural 
course of the disease remain uninterrupted by ad- 
ministration of quinine, in order that the natural 
immunizing processes may completely take place in 
ihe blood. 

R. Koch has demonstrated that in all localities where the adult natives are, 
So to speak, immune to malaria the children invariably are attacked 
the disease. They invariably pass through febrile attacks and always have 
n^alarial parasites in their blood, often abundantly. The natives know neither 
nor any similarly acting drug for controlling the malady. They allow it to 
take its course, and numerous children die of the disease ; those who survive, how- 

are immune for the rest of their lives, that is, in spite of the sting of infected 
amipheles, they no longer offer a good soil for the malarial plasmodia, and hence 
latter arc incapable of development in their blood. 
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In addition to disintegration of the red blood-corpuscles, an acute 
increase of the pulp-cells of the spleen is observed in every acute attack 

of intermittent fever (quotidian, tertian, quartan, etc.), as a result of 

which this organ is considerably enlarged: acute spleen tunior. 
The capsule is always extremely tense. On incision, the grayish-red, 
pap-like pulp wells up upon the cut surface. The spleen is very friable 
in this stadium; indelicate handling of whatever nature suffices to 
disintegrate it. 

Besides enlargement of the spleen, cloudy swelling of the myo- 
cardium, kidneys, liver, and peptic glands of the stomach usually is 
found at necropsy. In chronic intermittent fever the spleen loses its 


e 


h 


Fig. 205. — Balantidium coli. 
a, nucleus; h, vacuoles; c, per- 
Fig. 204. — Miescher’s sac. X 50. istonia ; d, food particles. X 

(After Lcuckart.) 300. (After Lehmann.) 

friable character, the other constituents of the organ beginning to pro- 
liferate. The spleen gradually becomes larger and Menser, and may 
finally attain a size and hardness such as usually are seen in splenic 
leukemia. While in leukemic spleen the follicles are generally very 
large and distinct, the cut surface, therefore, having a peculiar grayish, 
often mottled appearance, the incised surface of chronic spleen tumor 
of intermittent fever is characterized by a brownish-red color and the 
absence of enlarged follicles. In malarial cachexia, dropsic conditions, 
hemorrhages, icterus, and sometimes amyloid degeneration are present. 

In very severe acute attacks an enormous amount of brown pig- 
ment — ferrous melanin (hemozoin) and ferrous hemosiderin — is pres- 
ent in the urine, kidneys, spleen, liver, and even in the vessels of the 
intestine and brain, so that many vessels appear to be filled with pigment 

Melanin, which contains iron in firm combination and therefore does not give 
the reactions for inorganic iron, is characteristic of malaria. It is found in the 




Synopsis of the Animal Parasites Most Frequently Observed in Man. 

1. Articulata 
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parasites, leiicoc3^es, connective tissue of the liver, the parenchyma cells of the 

Spleen, and occasionally in the nuclei of the endothelia of the capillaries of the 
brain, suprarenals, liver, etc. The pigment may be found years after an attack, 
then usually only in the fibrous stroma of the spleen. In many cases, in addition 
to a yellow pigment, the exact nature of which is obscure, there are observed in 
the parenchyma cells of the liver, kidneys, and spleen (and also in other conditions 
associated with hemolysis') granules in which the iron is loosely combined and gives 

with potassium fcrrocyanide a blue reaction. 

Myxosporidia are found in worms, amphibia, and fish (psoro- 
spermia). 

Miescher’s, or Rainey’s, tubes (see Fig. 204), sausage-shaped bodies 
containing innumerable rod-like and spheric spores within a capsule, are 
caused by s a r c o s p o r i d i a . They occur in the striated musculature of 
the ox, swine, sheep, goat, horse, deer, hare, etc. Sarcosporidia have been 
observed several times in man. 

The last group of animal parasites are the infusoria: animals 
with cilia or flagella as organs of locomotion. These are represented 
by:— 

Balantidium (paramaecium) coli ( Malmsten, 1857): a large, thick 
infusorium without flagella, hut densely covered with cilia, and provided 
with oral aperture, (See Fig. 205.) It occurs in the large intestine of 
man and the rectum of pigs, from which it is said to be transmitted to 
man. According to some authorities, it causes profuse and obstinate 
diarrhea in man, and often diphtheritic ulceration of the intestinal mucosa. 
The parasites arc sometimes found in the lymph- and blood- vessels — 
capillaries and vein.s — and in the liver (hepatic abscess). It is probable, 
however, that bacteria are responsible for this ulcerative colitis, and 
favori the entrance of the protozoa which render the process obstinate. 


II. THE ALTERATIONS PRODUCED BY THE VEGE- 
TABLE PARASITES, INCLUDING THE 
INFECTIOUS DISEASES. 

General Remarks upon the Vegetable Parasites (Fungi). 

All vegetable organisms occurring as parasites in man are 
achlorophylous fungi. These form^ the second class of 
thallophy tes, which, in turn, belong to the first division of the 
cryptogams'^ ( flowerless, spore-bearing plants ) . 


^ Some observers assume that they are pathogenic per se, 
^ According to Eichler's system, 

3 The 24th class of the Linnean system. 
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The following are parasitic in man: — 

1. Molds (branching fungi). 

2. Yeasts (budding fungri). 

3. Bacteria (fission fungi). 

1. The molds (hyphomycetes) form long, branching, cellular 

threads which enlarge by apical growth. They are also jointed and are 
visible to the naked eye. Two varieties of jointed threads are differ- 
entiated: one forms the mycelium, which serves for the appropriation 
of nourishment; the other forms the threads (tliallus or fruit hyphw), 
which are adapted to fructification and carry the spores. The 
mycelium develops first; from this the hyplue grow straight out. The 
latter do not develop within the moist tissues; the spores are lack- 
ing. Aside from development by spores, the plant can be perpetuated 
also by means of individual fragments of the fungus. Accordingly, 
transmission of the fungus may, on the one hand, take place through 
the agency of spores, and, on the other hand, in the absence of sporula- 
tion, by means of segments of the plant. Doth modes of transmission 
may, of course, coexist. 

The Position of Bacteria in the Vegetable Kingdom. (After Eyre.) 

CRYPTOtiAMS. 

I 

Thalloi*iiytk.s. 


Funtfi. AltraE. Lichens. 


Basidiomycetes. ^^^ciclioinycetes. Phycomycetes. Ascomycetes. Schlzo- 

I : , I inycetes 

! . I I (bacteria). 

Hymeno- ' * " i I 

mycetes. | | ' ! i 

Uredinese. UstilaRinai. Zoonaycetes. 0»raycetes. Gymnoascecp Pyrenomycetes. 

i I I 

Mucorinac. Saccharotnycetes. Penicfllium. 

Aspergillus. 

While the mycelial segments arc very delicate, slender threads, the 
fruit hyphae are broader and segmented. In the individual segments an 
internal nitrogenous layer and an external cellulose membrane can gen- 
erally be distinguished. Glistening, fat-like droplets, which probably 
have the same significance as nuclei in cells, arc sometimes observed 
in the interior. The s pore s also possess an external cellulose mem- 
brane and an internal nitrogenous layer. They are small, roun^, oval, 
cylindric cells from which the new-formed parts, the so-called ‘'germinal 
sheaths” (Keimschlauche), develop. These subsequently grow into 
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mycelia. Owing to their hard outer covering the spores are very 

resistant to external influences (chemic reagents, drying, etc.), and 

they remain alive and unaltered for a long period, and, finally, develop 
further under favorable conditions (moisture and warmth). By virtue 
of this permanent power of resistance, they are called “lasting- 
spore s ' ’ {Daiicrsporcn^, Some of them possess cilia, by aid of 
which they are set in motion : swarm spores. 

The mold fungi are found almost exclusively upon superficial 
parts (skin, digestive tract, respiratory passages, auditory canal, etc.). 
Because of their great requirements for oxygen, they apparently occur 
in the internal organs only under especial conditions. Many cannot grow 
upon or within the human organism, because the body temperature is 
too high and hinders their development. 

The most common of molds are the “brush molds“ {peni- 



Fig. 206. — Penicillium Fig. 207. — Mucor. Fig. 208. — Aspergillus, 

glaucum. 

cillii), and their most frequent representative is the common mold: 
Penicillium glaucum. This fungus at first forms a white growth, which, 
in time, becomes green. The hyphae are branched and divided at 
the ends (see Fig. 206) into a large number of small, short stems or 
bristles (hence, brush n ^Id) : basidia, upon the free ends of which 
the spores are arranged in chains. As the common mold cannot 
grow at the temperature of the human body, it is nonpathogenic in 
man. 

To the pathogenic molds belong certain species of mucor s : 
Mucor corymhifer and rhizopodiformis, and of aspergillus: As- 
pergillus fumigatus, flavcsccns, and niger. 

The mucors have straight, single or divided fruit hyphae, which 
bear at their extremities, upon an arched plate: columella, the sporan- 
gium — ^a spheric capsule filled with spores. (See Fig. 207.) Mucor 
corymbifer produces a snow-white growth; Mucor rhisopodoformis is 
characterized by the development of black sporangia. One of the niost 
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common molds after Penicillium glaucum is the nonpathogenic Mucor 
mucedo, whose growth is yellowish brown and the fruit hyphse black. 

In the aspergilli the fruit hyphae become club-shaped at the 



Fig. 209. — Mucor corymbifer. X 350. (After Lenhartz.) 



Fig. 210. — Aspergillus fumigatus. X 350. (After Lenhartz.) 

extremities, and are provided with a great number of small, delicate, 
straight, almost radiately arranged intermediate fruit carriers {stcrig- 
from which the spores or conidia are formed by constriction. 
(See Fig. 208.) Aspergillus fumigatus forms a greenish-gray growth. 
The spores are round or oval, and mostly colorless. Aspergillus flavus, 

27 


418 ALTERATIONS CAUSEO BY VECETABLE PARASITES. 

or flavescens, produces a yellowish or yellowish-green growth; the 
spores are yellowish brown. Aspergillus niger produces a chocolate- 

colored growth ; the spores are black. 

The pathogenic m u c o r s and a s p e r g i 1 1 i have rarely been 

found in the lungs in pneumonomycosis aspcrgillina, in inflammations of 

the middle and the external ear (otomycosis, myringoniy-* 
CO sis), etc. They grow at a temperature of from 30° C. to 40° C. 

(86“ to 104“ R). 

To these is to be added a series of other pathogenic thread fungi 
which are of more frequent occurrence in man, but to which no definite 
position in the botanical system can as yet be assigned. 



rig. 211. — Achorion schdnleinii, X 400. (After Bizsosero.) 

Here belongs Achorion schonleinii (see Fig. 211X, the pathogenic 
fungus of favus {Tinea favosa). It forms a network of septulate 
and sheathless, bent threads with numerous sprouts arising at right 
angles to the stem. The contents of these threads is homogeneous and 
granular. Especial fruit formation is lacking. The terminal segments 
of the threads frequently contain round or oval, strongly refractive 
bodies resembling nuclei. The.se are separated as spores which are some- 
times arranged in rosary-like chains. On entrance of this fungus into 
the skin, a fungous growth forms in the epidermis which, when it spreads 
superficially, has a certain resemblance to a honey-comb {favus: a 
honey-comb). This phenomenon is produced by contact of the indi- 
vidual fungous foci in polygonal form. The fungous foci lie above the 
rete Malpighii, and are covered by the horny layer, forming spaces occu- 
pied entirely by proliferating fungous threads and spores. The greater 
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the accumulation of fungous masses, the more the neighboring tissues 

are irritated, and as a result inflammatory phenomena develop. The 

fungous threads grow into the hairs ; hence, these assume a lusterless, 
withered appearance and readily fracture. As favus develops prin- 
cipally Upon the hairy portions of the head (scalp), multiple circum- 
scribed alopecia is produced. The external appearance of favus is char- 
acterized by yellow, umbilicaled disks about the size of a dime and 
larger (scutula: a little dish), the centers of which are generally pene- 
trated by one or more hairs. Exfoliation of these scutula exposes a 

moist, red surface which may again become covered by horny epidermis 
or undergo cicatrization. Favus sometimes affects the nails: onycho- 
mycosis fai'osa. In this affection the fungus penetrates the nails, where 



Fig. 212. — Trichophyton tonsurans — threads and chains of spores. 
X 4(.K), (After Biazozero ) 


it develops and produces yellow spots, or it cau.scs uniform thickening 
and loosening of the nails from the matrix. 

The pathogenic thread fungus of herpes, or tinea tonsu- 
rans, is Trichophyton tonsurans — a fungus which, morphologicly, 
very closely resembles A chorion schonlcinii, hut differs markedly from 
the latter in artificial pure cultures. (See Fig. 212.) This fungus 
])enetrates the shafts of the hairs of the .scalp, and causes them to fall 
out. Round, bald spots which have a gray, dusty appearance (result 
of scale •formation), and are surrounded by a reddened, or slightly 
pigmented, area, are produce 1. 

The same fungus causes dense infiltration and suppuration in the 
bearded portions of the face: sycosis parasitaria, “barbers’ itch” (men- 
fagra). The development of cc::cma maryinatum in localities where 
cutaneous surfaces are in contact and subjected to friction, c.g., inner 
^J^pects of the thighs, perineum, etc., is also due to the presence of 
T richophyton tonsurans. Eczema marginatum forms red, elevated spots 
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covered with vesicles and scabs, which spread peripherally and heal from 
the center with deposition of pigment. 

Reddened spots with small vesicles, which rapidly dry and produce 
scabs, develop upon nonhairy portions of the body (ring- worm), herpes 
circinatus. The inflamed areas generally have a discoid or circular form : 
herpes tonsurans ^fcsiculosa. 

Pityriasis (tinea) versicolor is a purely local mycotic process of 
the skin, a squamous exanthema with yellow to brown discoloration, 
occurring especially upon the thorax. The most striking alteration is 
the color. This is essentially due to the fungous formations in the 



Fig, 213. — Microsporon furfur. X 350. (Wax-paper drawing 
from a photomicrograph.) (After Lenharts.) 

superficial layers of the epidermis. Slight nervous phepomena are some- 
times associated with it. The pathogenic fungus is the Microsporon 
furfur, a branched trichophyte, the mycelium of which contains more 
or less large groups of spheric spores. (See Fig. 213.) 

If the pathogenic fungi associated with the last-named skin diseases 
present difficulties as to their botanic position, this is much more so 
in the case of the soor, aphthae, sprue, or thrush fungus (Otdium albi- 
cans), The former may, with some degree of certainty, be classed with 
the molds, but as regards soor this is doubtful. 

The soor, or thrush, fungus (see Fig. 214) forms long, branched, 
and often bent threads composed of cells of varying length, joined 
end to end. In the interior of the threads are glistening, spheric 
granules. The ends of the threads are rounded. Upon the extremities 
of the individual cells spores develop from which, in turn, new threads 
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are produced. This fungus, which formerly was classed as a species 

of oidium^ under the name of Oidium albicans, grows and behaves in 
a richly saccharine nutrient medium like yeast fungi. Hence, this fungus 
cannot, without further distinction, be classed with the thread or mold 
fungi. Nevertheless, it is described here because, under certain condi- 
tions, it manifests the characteristics of the molds. 

Thrush, soor (aphthae, stomatitis cxsiidativa) , occurs almost exclu- 
sively upon mucous membranes covered with lamellated squamous epi- 
thelium, particularly in the pharynx, esophagus, and vagina. By growth 
of the soor fungus into the lamellated pavement epithelium, foci called 



F'ig. 214. — Soor (thrush) fungus (Oidium albicans). 

X 350. (After Lrw/iar/.::.) 

aphthae are produced. These arc small, punctiform, solid, yellowish- 
white patches wflich gradually enlarge and coalesce to form a kind of 
fungous pellicle (pseudomembrane), which may be completely exfoli- 
ated. The pseudomembrane consists not only of fungi, but also of the 
superimposed epithelial cells, innumerable bacteria, and (in the pharynx) 
particles derived from the food. Exfoliation of this pseudomembrane 
produces, an excoriation with a dark-red base. 

Soor attacks principally infants and elderly ])crsons suffering from 
great debility (e.specially muscular delnlity) as the result of prolonged 
illness. The fungus may acquire great importance if the lumen of the 
esophagus becomes filled with fungous masses and exfoliated epithe- 
lium, rendering deglutition impossible. In children it sometimes pro- 
duces acid decomposition in the stomach, which may result in violent 

} The best known is Oidium lactiSy which is demonstrable in almost all milk. 
Tn Oidium lactis, also, especial form of fructification is lacking. 
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and often fatal gastrointestinal catarrh. Such a diarrhea ceases only 

with removal of the fungus. 

It has often been stated that the soor f unguis causes ulceration; but 
this is improbable or, at least, infrequent, because the fungous threads 
do not extend beyond the youngest cellular layer of the epithelium. 
Although soor is sometimes observed upon ulcerated surfaces, this is 
usually due to the fact that the threads extend to pre-existing {e,g., 
tuberculous) ulcerations. In this case they may enter the vessels and 
be carried to other parts by the blood-current. 



Fig. 215. — Mycosis uteri, a, wall of uterus; b, uterine contents composed of 
firmly coherent mas.ses of fungus. (After Langerhans.) 

This fungus never independently develops in the stomach, because 
it cannot secure lodgment in the single layer of cylindric epithelium; 
soor masses, however, are easily swallowed, and may then be ^ found in 
the stomach contents. On the other hand, in rare cases the soor fungus 
may enter (by aspiration) the alveoli of the lungs and cause pneumonic 
processes : soor pneumonia, pneumonia: mycotica. 

An exceptional occurrence is the presence of large masses of soor 
fungus within the cavity of the uterus. The accompanying illustration 
(Fig. 215) represents the uterus of an old woman which was completely 
filled with masses of soor fungus and bacteria. The cavity of the uterus 
was strongly dilated by the fungous accumulation, and the walls were 
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very greatly thinned; the mucosa was almost entirely destroyed and 
presented a granulating surface. 

2. The occurrence of yeast, or budding fungi (blastomy- 
cetes), is associated with fermentation. The yeast fungi are micro- 
scopic (in size, between the molds and thread fungi), spheric, or oval 
cells, with thin membrane and granular protoplasm. They increase by 
budding, forming more or less long chains. In the process of budding 
the membrane is elevated at a certain point, forming button-shaped 
protrusions, which develop into new, independent cells and become sepa- 
rated from the parent cell by constriction. Mycelia and organs of 
fructification are lacking. Consequently, yeast fungi are not sessile, but 
infusorial, and can act perniciously upon the human body only in so far 
as they induce injurious decomposition processes, c.g., in the gastric 
contents. Here much depends upon the nature of the ingesta. The 
fermentative fungi never produce fungous pellicles within or upon the 
surface of tlie tissues. What is claimed to be a variety of yeast pro- 
duces a blastomycotic disease of the skin {dermatitis bhstomycotica). As 
this fungus forms mycelia in cultures, its position among the yeasts may 
be questionable. 

Of the great number of yeast fungi, only a few well-known exam- 
ples will be discussed here. 

Saccliaromyccs, or Cryptococciis, ccrc7'isicc causes alcoholic fermen- 
tation, saccharine solutions being split up into alcohol and carbonic 
acid as the result of its action. The spores of top yeast (scum) 
form chains; the spores of bottom yeast are separated by con- 
striction. 

Saccliaromyccs cllipsoidcs (wine yeast) has an elliptic form. 
It is the cause of vinous fermentation. 

Saccliaromyccs my coder ma (Mycoderma ccrcvisia: ct 7nni) is oval, 
elliptic, or cylindric in form. It produces the fungous pellicle upon 
fermenting, especially strongly acid, liquids, and is the cause of acetic 
acid fermentation. 

3. The fission fungi, schizomycetes, ^ or bacteria are the small- 
est of all vegetable organisms. They are so minute that they can be 
distinctly seen only with the strongest lenses (immersion lenses). They 
consist of a nitrogenous protoplasm and an enveloping membrane or cap- 
sule, which is very resistant to the action of acids and alkalies. The 
membrane often posses.ses the property of swelling and forming a kind 
of gelatinous envelope. To this is due the peculiar tendency of many 
vegetable micro-organisms repeatedly to appear in uniform arrangement 


A cleft, fissure ; = fungus. 
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(in masses, chains, etc.). The bacteria contain no chlorophyl; only a 

few have a chlorophyloid coloring matter called bacteriopur- 
p u r i n , a brown, red to violet pigment. The bacteria have a constant 
form; one species cannot be converted into another. 

According to their external form are distinguished: — 


Sarcina (Facket-cocci) 


99 




*•••• 
• ••• 


Cocci 


Staphylococci 


Streptococci 



Diplococci 


Tetracoeci 


With 

capsules 



Zdo^aedk 


Slender bacilli 
Short bacilli 
Bacilli in chains 
Vibrios (spirilla) 

Comma bacilli 


Centrally situated 
spores 

Oostridia forms 
Knobbed bacteria with 
terminal spores 



Spirochste 


Fig. 216. — Forms of bacteria. (From Schenk,) 


1. Micrococci^: spheric and ellipsoid cells (spherobactcria) , which 
are arranged either in pairs (diplococci^) or in groups of regular 
(sarcina, tetragenns) or irregular order (staphylococci^), or in long 
chains (streptococci,^ chain-cocci). 


“^faKfiSs = small; k6kkos ^ kernel, berry. 

2 == double ; K6KKoi = berry. 

3 <rro0vXiJ == bunch of grapes ; k6kkos = berry. 
9 ffTpeirrSs ^ twisted ; #f(iic*cos == berry. 
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2. Bacilli^: first, short rods (bacteria in a narrow sense), and, 
second, the true bacilli: rod-shaped, cylindric cells (rod-bacteria), which 

not infrequently form long threads. 

3. Spirilla: vibrio, spirillum, spirochccte (screw-shaped, spiral cells, 
spirobacteria), which show a partial, a whole, or more than one spiral turn 
like the thread of a screw. 

4. Pleomorphous fission fungi, thread bacteria {Icptothrix,^ strep- 

tothrix, cladothrix,^ actinomyces). 

All schizomycetes are generally classed under the term: bacteria, 
because the rod form is decidedly most common. Many of the bacilli 
and spirilla possess the power of locomotion — independent motility 
— through the agency of fine cilia and flagella. These are situ- 
ated over the whole surface (up to 12 or more), as in the typhoid 
bacillus, or at the end (pole), as in the spirilla and the comma 
bacilli of Asiatic cholera; in the spirilla a wisp of cilia is present; 








of (fj 


Fig. 217.— Forms of bacilli, showing spores. (From Oertel, 
courtesy of P. Blakiston, Son & Co.) 


in the comma bacillus a polar flagellum. Movements are cither rotatory 
(around the long axis) or undulating in character. The micrococci usu- 
ally manifest only a trembling or dancing movement (Brownian 
molecular movement); some of them, however, are provided 
with flagella, and are, therefore, capable of independent locomotion. 

Very little is known of the finer structure of bacteria. The interior 
usually appears homogeneous ; sometimes it contain^ oil-like granules, 
and only in very rare instances (r.^., anthrax bacillus) is it possible to 
follow within the rods further differentiation into smaller divisions or 
compartments. 

Bacteria increase by division (fission); in the bacilli this always 
takes place in a transverse direction.^ After fission the daughter-cells 


1 Bacillus a== little stick. 

2X«rr^= slender; == hair. 

KMHot s= branch ; — hair. 

^The multiplication of bacteria by binar> fission has for result, if nothing 
occurs to interfere with the most favorable conditions, the invasion of the medium 
by an incredible number of these little beings, of which we can form an idea only 
oy calculation. 

“Let us suppose,” says Cohn, “that a bacterium divides into two in the space 
01 an hour, then in four at the end of a second hour, then into eight at the end 
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may become separated or remain united in threads, drains, masses, etc. 

Under appropriate conditions some bacteria form spores. According 
to the mode of sporulation, two kinds of bacteria are differentiated, 
namely, e n d o s porous and arthrosporous. ( See Fig. 217.) In 
the former the spores develop within the interior as round or oval, strongly 
refractive granules which behave clifTerently, toward staining matters, from 
the bacteria they possess no affinity for the basic aniline dyes) ; 

in the latter, certain segments of a chain of bacteria are transformed 
into spores. From the spores, which are characterized by their great 
resistance to external influences, new bacteria develop under favorable 
conditions. To these favorable conditions belong, in addition to appro- 
priate nutrient media, ^ which supply the bacteria with the necessary 
nutrient materials, heat,- moisture,^‘ and oxygen. The re- 
quirements for oxygen are very variable. Some bacteria grow only in 
the presence of air: aerobic anthrax bacilli); others grow 

only in the absence of air: anaerobic (tetanus bacillus); others, 
again, constitute in a measure transition forms in so far as their growth 
is better in the presence of air, but is not wholly arrested upon its 
exclusion : facultative aerobes and facultative anae- 
robes. 

Many chemic substances prevent the development of bacteria and 


of three hours; in twenty- four hours the number will already amount to more than 
sixteen millions and a half (16,777,220) ; at the end of two days this bacterium 
will have multiplied to the incredible number of 281,500,000,000; at the end of three 
days it will have furnished 47, 000, (X)0, 000,000 ; at the end of about a week, a number 
which can be represented only by 51 figures. 

“In order to render these numbers more comprehensible, let us seek the volume 
and the weight which may result from the multiplication of a single bacterium. 
The individuals of the most common species of rod bacteria present the form of 
a short cylinder having a diameter of a thousandth of a millimeter, and in the 
vicinity of one-five-hundredth of a millimeter in length. Let us represent to our- 
selves a cubic measure of a millimeter. This measure would contain, according 
to what we have just said, 633,000,000 of rod bacteria without leaving any empty 
space. Now, at the end of twenty-four hours the bacteria coming from a single rod 
would occupy the fortieth part of a cubic millimeter; but at the end of the following 
day they would fill a space equal to 442,570 of these cubes, or about half a liter. 
Let us admit that the space occupied by the sea is equal to two-thirds of the terres- 
trial surface, and that its mean depth is a mile; the capacity of the ocean will be 
9^,(X)0,000 cubic miles. The multiplication being continued with the same con- 
ditions, the bacteria issuing from a single germ would fill the ocean in five days.’* 
(Magnin and Sternberg. Bacteria. New York: Wm. Wood & Co., 1884, p. 124 
et seq.) 

1 Most bacteria flourish best upon a neutral or faintly alkaline, richly albu- 
minous nutrient medium. 

2 For all bacteria there is a maximum (average SS® C.) and a minimum tem- 
perature at which development is still possible, and also a definite temperature at 
which development is most favorable for growth (for many pathogenic bacteria 
about 37® C. = 98.6® F.), the temperature of the body. 

* Most bacteria, but not the spores, are destroyed in a short time by drying. 
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others kill them. To the former belong their own products of metabo- 
lism; to the latter the ordinary disinfecting agents. 

Some of the bacteria, especially the nonpathogenic, are character- 
ized by the constant production of coloring matter {c.g.. Bacillus pro- 
digiosus. Bacillus violaceiis, Staphylococcus aureus. Bacillus pyocya- 
fieus, etc.), but not chlorophyll; others by the development of gases 
(colon bacillus, Bacillus capsulatus aerogencs, etc.) ; others, again, by 
their property of luminosity (phosphorescence). 

For practical purposes the bacteria are divided into pathogenic 
and nonpathogenic. Both forms occur as parasites in man. To the 
nonpathogenic bacteria belong all those which are incapable of devel- 
opment at the temperature of the body. The true parasites, on the 
contrary, grow best at the body temperature. All those which grow only 
in the intestinal contents or upon the surface of the body are of subor- 
dinate imf)ortance. On the other hand, those which penetrate deeper 
into the body and multiply there, arc strictly pathogenic. Increase 
within the body is possible only when the tissues offer a favorable soil 
for the bacteria in question. If the bacteria which gain admission find 
an unfavorable nutrient medium, they cannot multiply or exert their 
action. The immunity of certain individuals and whole animal species 
toward certain species of l^actcria is due princi])ally to this cause. If, 
on the other hand, the bacteria find an approjiriate soil in the animal 
or human body^aml begin to multi])ly, an action is exerted upon the 
animal or human tissues which is followed by certain changes in the 
tissues which may be designated as reaction. This alteration or 
reaction on the part of the tissues is the first sign of beginning or 
existing infection. The reaction may be confined to the point of 
bacterial invasion, or become manifest in the rest of the body. When 
the process is due principally to metabolic products of bacteria, toxic 
action by union of the toxic products wnth the tissues (according 
to the affinity between tissues and toxic substance ) is preilominant, and 
is manifest either locally or in distant parts of the body — in other 
organs. When, on the other hand, the reaction of the body is mani- 
fested chiefly by accumulation of round cells (pus corpuscles) or by 
death of cells or tissue areas, w^e then speak of infectious proc- 
esses in a strict sense.^ Here also, however, the phenomena are due 

minute amount of the infectious material suffices in time to produce 
marked effects. Absorption occurs especially from necrotic, gangrenous, putrid 
foci. The germs enter the body, attack the tissues, and produce local and general 
disturbances. Toxins and bacteria enter the blood and thus reach all parts of the 
body ; general sepsiSt aepticemia. A malady thus produced is called an infec- 
tious disease. Many diseases, such as small-pox, measles, scarlatina, are un- 
doubtedly infectious in nature, although the causative agents are still unknown. 
When transmission of the germs occurs directly or indirectly (e.g,, by fomites) 
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principally to chemic (chemotactic) action, the bacterial products dis> 

turbing or injuring the nutrition and integrity of the cells, paralyzing, 
killing, or exciting them to formative processes. The destruction of 
pathogenic bacteria in the human body also is due to chemic processes: 
either the nourishment of the bacteria is withdrawn by inappropriate 
nutrient media (alteration of the same during infection) and their vital 
and reproductive energy thus diminished or destroyed or the bacteria 
are dissolved or destroyed by a species of enzymotic action exerted by 
the tissue juices and cells. Under certain conditions, incorporation of the 
bacteria by cells may occur {c.g., gonococci, meningococci). 

The fact that bacteria are found within cells and may die within them has 
given rise to the phagocytosis theory of Metchnikoflf, according to which healing 
of infectious diseases is due to phagocytic action exerted upon pathogenic agents 
which have entered the body. If a mild infection is thus overcome, the phagocytic 
power of the cells is said to be increased. 

Nonpathogenic parasitic schizomycetes are Lcptothri.v bticcalis and 
Sarcina ventriculi. 

Leptothrix forms a fungous growth which covers the papillae of the 
tongue. It is a harmless and constant inhabitant of the mouth, growing 
into long, nonbranching threads. 

Sarcina vcntriculi consists of sixteen and more segments arranged 
in bale or packet form. 

In addition to these are innumerable bacteria which occur in the 
contents of the stomach and intestine, but which, owing to their harm- 
lessness, command but little attention. 

The pathogenic bacteria are the most important of all 
vegetable parasites. To be distinguished are the saprophytes, 
which grow principally in or upon dead substances, and the specific 
pathogenic parasites which develop principally upom or within the 
living animal body. To the saprophytes belong those bacteria which 


from man to man, the disease is designated as contagious. Scarlatina, small-pox, 
measles, cholera are contagious. Not all infectious diseases, however, are con- 
^gious. hqr example, malaria is not immediately transmitted from man to man. 
The transmission of micro-organisms from the mother to the fetus in Mtero has 
been proved in many diseases. On the one hand, the entrance of the pathogenic 
&frnis from the intervillous (maternal) blood-spaces into the fetal (placental) 
yilli has been directly observed {e.g., anthrax and tuberculosis) ; on the other hand, 
fully developed infectious diseases have been demonstrated in the newborn 
typhoid, pneumonia, variola, pyogenic coccus infection, tuberculosis, syphilis). It 
was first assumed that transferrence of infectious germs could occur only in abnor- 
mal placentas, since the blood-channels of the mother and fetus are separate. Insig- 
nificant necroses (small infarcts) in the placenta are not rare, however, and the 
micro-organisms may then grow by continuity into the fetal tissues from the 
intervillous spaces in which th^ lodge. It is doubtful whether infection of the 
germinal cell (conceptional infection) occurs. 
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cause putrid {vairpos = putrid) disintegration of dead parts (gongmta 
humida). They lead through putrid decomposition to the development 

of chemic poisons which act on all parts of the body, and may produce 
severe disturbances (convulsions, paralysis, choleraic states). 

As already stated, the action of the true, specific pathogenic 
bacteria is always chiefly chemic in nature. It is not the bacteria as 
such which cause the characteristic symptoms of infection, ^ but the 
products of their metabolism — soluble, diffusible toxins: exotoxins, 
tetanus and diphtheria — or the proteid substances of which their 
bodies arc composed: endotoxins, e.g.^ typhoid fever, lobar pneu- 
monia, etc. (See Anaphylaxis, p. 323. ) In this respect infectious diseases 
and intoxications possess a certain similarity. In intoxication, however, the 
poison which enters the body never increases, while in infection con- 
tinued reproduction of the toxic substances takes place as a result of 
multiplication of the bacteria. 

Bacterial infection generally takes place by the reception of very 
small quantities of the infecting microbe. These increase within the 
body during the period of incubation until an amount sufficient to pro- 
duce local and general phenomena of disease is reached. In general, 
multiplication of pathogenic micro-organisms does not cease here, but 
continues as long as the process has a tendency to spread. Exten- 
sion occurs either by continuity, the infection spreading to neigh- 
boring parts per contiguitatem (in erysipelas migrans, phlegmon, and 
many other processes), or by discontinuity, infectious germs 
being in some manner {e.g., through the blood- or lymph- current) 
transported from a disease focus to other organs, where they form 
metastatic foci (in puerperal and other affections). In some cases the 
infection is local (furuncle); in others it is general, and spreads 
more or less tht;oughout the body (septic, pyemic processes). 

Within the animal body the bacteria are located outside the cells 
in the tissue spaces, as well as upon or within the cells, and either within 
or upon the surface of the tissues. In pus, for example, micro-organ- 
isms occur in the intercellular liquid and upon and within (infiltration) 
the pus-corpuscles (e.g., gonococcus, meningococcus). The process is 
generallj^ as follows : The microbes occur first in the liquid, then upon the 
surface of the cells, and, finally, they enter or are taken up by the cells. 

As a rule, bacteria can reach the internal organs of the body only 
by way of the blood-current. Hence, direct transportation from without 


t By infection (inficerc: contaminate, corrupt), in general, is understood the 
reaQ*tive alteration of the natural state or character of the tissues by the presence of 
injurious materials capable of reproduction, not only bacteria, but cells 
'Also, e.g., tumor cells. 
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through a slight cutaneous injury) must be differentiated from 

indirect transportation by means of the blood. In certain infectious 

diseases the pathogenic micro-organisms occur only in the blood: 
the spirillum of r e c u r r e n t fever is always found in the 
blood- plasma, while the hcrmamccbcc apparently very quickly in- 
vade the red blood-corpuscles. Tn contrast to these cases 
stand those in which the fungus vegetates only upon the surface, i,c., 
is, in a strict sense, an epiphyte. To the latter belongs the Lep- 
tothrix buccalis. So long as these fungi remain upon the surface they 
are not injurious; when, however, they penetrate into the depth, c.g,, 
into the crypts of the tonsils and lingual follicles, decomposition of the 
masses accumulated in the crypts may sometimes occur and cause in- 
flammations. Caries of the teeth is usually due to the entrance of such 
fungi into the dentine substance. If a portion of the enamel is broken 
off, the dentine is exposed and subject to invasion by the fungi. At 
first discoloration and a change in consistency extending to the pulp 
cavity are observed at the site of exposure. The affected area gradu- 
ally softens as the result of disappearance of the lime. Hence, dental 
caries is rather a softening than a caries comparable with caries of bone. 
The fungi, which are demonstrable in the dentine at an early period, 
enter through the dentine canaliculi. 

A certain antagonism exists between the pathogenic bacteria and 
the living animal tissue. Both influence eacli other in an unfavor- 
able sense, but the relation is inconstant. The influence of bacteria upon 
animal tissues depends upon the peculiar character of the tissues as well 
as upon their virulent properties. Not all pathogenic bacteria are 
equally active in all animals. The susceptibility of different animal 
species to the same pathogenic bacteria is very variable; for example, 
white mice, guinea-pigs, cattle, and sheep are extremely susceptible to 
anthrax, while white rats are but slightly so, and dogs, birds, and 
amphibia are entirely immune. Under certain conditions, however, even 
immune animals, e.g., the frog (by exposure to high temperature), can 
be rendered susceptible to anthrax, so that they succumb to it. In the 
case of the slightly susceptible white rat, the protection against anthrax 
invasion has been shown to be due to the marked alkalinity of the blood. 
These examples demonstrate that all animal tissues do not offer equally 
favorable conditions for the development of pathogenic bacteria, and 
that under certain conditions animals which usually are immune to a 
pathogenic fungus may be infected. Furthermore, certain bacteria are 
not equally virulent for all representatives of the same animal species 
(white rat: anthrax), and in the same animal species there are cer- 
tain individual variations in susceptibility or immunity to the 
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same infectious disease. This is shown by the history of anthrax 

in man. In general, man is susceptible to anthrax, but not every 
individual who is infected dies of anthrax ; often only a local process 
is established which heals under appropriate treatment. This is further 
exemplified by the history of tuberculosis, which, as is known, 
attacks principally individuals with “hereditary taint,” iu\, those born 
of “consumptive” parents and possessing an inherited susceptibility to 
tuberculous processes, while others under exactly the same hygienic 
conditions remain wholly immune and, as a rule, become tuberculous 
only under especially unfavorable circumstances. 

In this connection the observation that nonpathngcnic bacteria also 
manifest pathogenic properties under certain conditions, namely, when in- 
ficulated along with other bacteria (symbiosis), is of especial inter- 
est. Probably the jointly inoculated bacteria, through the agency of their 
metabolic jirodiicts, aid the otherwise non])ath()gcnic by furnishing more 
favorable conditions, particularly a more favorable soil, and, perhaps, 
also by reducing the resistance of the tissues. Possibly the remarkable 
tendency of certain individuals, manifesting not the slightest dis- 
position to tuberculous affections, to succumb to tuberculosis after 
recovery from syphilis or while suffering from florid syphilis is thus 
to be explained. The syphilis apparently created conditions favorable 
to the tubercle bacillus.^ 

On the other hand, however, an antagonism often exists 
between bacteria (not only the pathogenic), the metabolic prod- 
ucts of one destroying the power of development of the other. Thus, 
anthrax in susceptible animals has been cured by inoculation of the cocci 
of erysipelas. To this antagonism is probably due the fact that, after 
death of the individual, certain pathogenic bacteria lose their infectious 
l^roperties in the .cadaver, and that only a limited number of infectious 
diseases — /.r., pathogenic bacteria — retain their virulence also in the 

1 This view is denied by some authorities, according to whom syphilis does 
not seem either to predispose to tuberculosis or to protect from it. It is even 
slated that tuberculosis in old syphilitics runs a much more benign course than in 
other subjects. High blood-pressure and the general tendency to fibrosis m late 
syphilis have been suggested to account for this as follows : ‘•Syphilis is one of the 
causes of “arteriosclerosis with its consequent high blood-pressure, and if the left 
ventricle finds increasing difliictilty in pumping the blood out into the aorta there 
nnist be a diminution in the ease with which blood is removed from the pulmonary 
veins. The pulmonary blood-pressure would thcreliy be raised, and, by analogy 
with mitral stenosis, in which a similar rise of pulmonary blood-pressure occurs and 
in which phthisis is comparatively rare, it has been thought that consumption is 
staved off in late syphilis in this way. The argument, however, would not hold 
good in cases where there is no arteriosclerosis or no increase in systemic blood- 
pressure. Even in such cases, however, phthisis tends to run a very chronic course. 
Hence it seems more likely that the general tendency to sclerosis in late syphilis is 
‘d least as important as is increased blood-pressure in causing the chronicity of the 
tuberculous lesions,^' {The Hospital, June 13, 1908, p. 282.) 
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cadaver. To the latter belong particularly the contagium vivum of diph- 
theria, syphilis, small-pox, glanders, anthrax, tetanus, scarlatina, and the 

pyogenic bacteria. It is very probable that the loss of pathogenic action 
is intimately connected with the metabolic products of the rapidly 
developing putrefactive bacteria, for the greater the putrefactive phe- 
nomena, the more quickly the specific virulence of many bacteria is 
lost. 

The specific virulence can be attenuated in another manner: For 
attenuation of the anthrax bacillus, for example, the direct action 
of sunlight,^ increase of air pressure to 6 to 8 atmospheres, the action 
of a temperature of from 42° to 43° C. during a period of about twenty- 
four days, and the transitory residence of the bacilli within the body of 
immune animals, e.g., the frog, suffice. So far as is known, attenuation 
is due essentially to alteration of the products of metabolism; attenu- 
ated anthrax cultures elaborate alkaline, while the virulent generate acid 
products. 

This attenuation of the virulence of pathogenic 
bacteria has an eminently practical interest, because it is possible 
through inoculation of attenuated pathogenic bacteria artificially to pro- 
duce immunity to infectious diseases. Upon this principle rests Jenner^s 
protective inoculation against small-pox (vaccination), 
for in all probability the animal or cow- pox, as well as the humanized 
lymph used for this purpose, contains the attenuated contagium vivum 
of variola. Why the animal body, after sul)j action to protective inocula- 
tion, remains for a considerable period immune to certain infectious 
diseases is still unknown. Perhaps inoculation with the attenuated 
contagium vivum eliminates from the body a substance which is essential 
for the development of the pathogenic microbes. It must be admitted, 
however, that we have not the slightest knowledge of,, the existence of 
such special nutrient substances in the body. On the other hand, it is most 
probable that in vaccination the micro-organisms stimulate the body cells 
to elaborate a substance (antibody) which inhibits the development of the 
pathogenic microbes. (See Immunity, p. 15, and Vaccine Therapy.) 

The ability of the body to kill pathogenic bacteria is due principally 
to the so-called leucocytes. The colorless blood-corpuscles of immune 
animals are capable of taking up virulent bacteria ; those of susceptible 
animals take up only attenuated or dead bacteria. (See Opsonins, Bac- 
teriolysins. Antibodies.) 

Pathogenic micro-organisms which have entered the animal body 
can be excreted as virulent microbes — ^and herein resides the power of 

1 Pure cultures of the tubercle bacillus arc killed within a short time by 
this means. 
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communicability — or they perish within the body if the indi- 
vidual survives. Infectious germs may be eliminated from the body 
with the dejecta (typhoid, cholera^), urine, sweat, saliva, sputum (pneu- 
monia, tuberculosis), and the epidermis scales; under certain conditions 
also with the secretions from ulcerated surfaces (syphilis), with catar- 
rhal products (from the conjunctiva in Egyptian eye disease; from the 
vagina and urethra in gonorrhea, etc.), and, finally, with the blood in 
recurrent and intermittent fever. ?,y introduction of tliese microbes 
discharged from the diseased body, the disease may be communicated to 
other individuals. 

Introduction may occur in tlie following four ways : — 

1. Through the surface of the external skin, including the con- 
junctiva, etc. 

2. Through the intestinal canal. 

3. Through the residraloiy tract. 

4. Through the genitourinary canal. 

Some of the infectious diseases are communicable from 
a diseased to a healthy individual only by immediate, rarer by 
intermediate contact ( use of the same clothing, lavatories, 
privies, eating utensils, by letters, etc.), 'riie.se constitute a subdivision 
— the so-called contagious- diseases. Here l)clong syphilis, small- 
jiox, scarlatina, diphtheria, anthrax, glanders, suppurations, erysipelas, 
etc. In the othc^ infectious di.sca.ses (formerly called miasmatic), the 
air (for tuberculosis), water (for typhoid fever, dysentery, cholera, 
bilharziosis, etc. ),aninialparasites ( for plague, yellow fever, mala- 
rial, trypanosome, and filarial diseases') and soil (helminthiasis) are the 
chief carriers or agents of infection. The dividing line between the con- 
tagious and the remaining infectious diseases is by no means sharply 
defined. C^n the* contrary, there are a number of infectious diseases 
which, in a measure, occupy an intermediate pc^sition (cerebrospinal men- 
ingitis, influenza, articular rheumatism, and others), and in, which it is 
not known how infection takes place. Probably positive information re 
garding all these infectious diseases will not be gained until we have 
become accurately acquainted with the contagium vivnm, for many pecul- 
iarities of the infectious diseases, especially their mode of transmission 
and spread, are evidently dependent upon the biologic conditions of the 

^ Not all persons in whom cholena bacilli find lodgment become victims of 
^:holera; many remain healthy, although the bacilli are discharged with the stools. 
Such persons are called *‘bacilli-carriers,” and are of great importance in the spread 
cholera. (See also “Bacilli-carriers” in typhoid.) 

^ In this connection it must be remembered that it is not necessary for trauma 
‘‘'ways to be present at the point of entrance of the bacteria. The bacteria can enter 
nu' body also through the uninjured skin and mucous membranes, be rubbed in, 

28 
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infectious agents, ie., of the pathogenic schizomycetes and protozoa. 

Why cholera is endemic only in certain countries and only occasionally 
gives rise to devastating epidemics in other lands through the agency 
of infected individuals coming from the original habitat of the disease; 
why diphtheria sometimes occurs sporadically, sometimes as an epidemic, 
and why syphilis is conveyed only by contact — these and other questions 

are still unsolved problems. 

Thus far specific pathogenic micro-organisms have 

been universally accepted as the causa externa in only a comparatively 
small number of infectious diseases. According to Koch, a micro-organism 

may be considered as pathogenic for a given infectious dis- 
ease when it is demonstrable in all cases of this disease, occurs in such 
numbers and distribution as to explain all the morbid phenomena, and 
when the same infectious disease is always produced by inoculation 
with a pure culture of the micro-organism in question. These demands 
have thus far been met only by the Bacillus tuberculosis (Koch) in 
tuberculosis, the Bacillus antliracis (Koch) in anthrax, the Bacillus, 
mallei (Lofflcr-Schiitz) in glanders, the Bacillus tetani (Kitasato) in 
traumatic tetanus, the Bacillus typhi abdominalis (Eberth-Klebs) in 
typhoid fever, the Bacillus Icprce (Hansen-Neisser), the Bacillus dysen- 
teriev (Shiga-Kru.se), the Spirillum obcrmcicri (spirochseta) in re- 
lapsing or recurrent fever, actinomyces (cladothrix) in actinomycosis, 
the Bacillus pcstis (Kitasato and Yersin) in bubonic plague, the Strep- 
tococcus crysipclatis (Fehleisen) in erysipelas, the Gonococcus (Neisser) 
in gonorrhea, and the Staphylococcus pyogenes aureus, albus, and citreus 
and the Streptococcus pyogenes in suppuration. 

In other infectious diseases pathogenic bacteria or protozoa have been 
demonstrated which, although not fulfilling all the above requirements, may, 
nevertheless, with much certainty be accepted as the cait.se of the disease 
in question. This is the case in Asiatic cholera (Koch's Vibrio cholera; 
asiaticce, or comma bacillus, or Spirillum cholera; asiatica;) ; in 
influenza (Pfeiffer’s Bacillus influenza;')) in gaseous phleg- 
mon, Bacillus aerogenes capsulatus (Fraenkel-Welch), malaria, trypano- 
somiasis, diphtheria ( Ldfflcr ) , epidemic cerebrospinal men- 
ingitis (very probably : Diplococcus meningitidis [Weichselbaum] sive 
intracellular is [Jager]), fibrinous pleuropneumonia {Diplo- 
coccus lanceolatus [Fraenkel-Weichselbaum] ). Following closely upon 
these are whooping-cough (probably bacillus of Bordet-Gengou) 
and syphilis (probably : Spirochceta pallida, Hoffmann and Schaudinn) ; 
Malta fever {Micrococcus melitensis) ; yaws, or frambesia 
{Spirochceta pertenuis). The statements regarding specific pathogenic 
bacteria in these diseases are, for various reasons, not universally accepted. 
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Still more doubtful is the testimony regarding pathogenic microbes 

in small-pox, rhinoscleronia, scarlatina, measles, typhus fever, rabies 
(hydrophobia, lyssa), trachoma, varicella, parotitis epidemica,- coryza, 
cholera nostras, and yellow fever. 

GENERAL REMARKS UPON THE INFECTIOUS 

DISEASES. 

In their beginning and course the infectious diseases exhibit 
manifold differences. Only the larger group of acute general 
infectious diseases^ manifest certain ])()ints of resemblance. 
All these begin acutely, i.e., suddenly, irsually without preceding dis- 
turbances, with general symptoms, high fever, cliills, and disturbances 
of the nervous and digestive systems, etc. ; not until then ilo the local 
plienomena develop. Most acute infectious diseases pursue a quite typic 
course, and when no conqdications or sc(iuel?e occur generally end in re- 
covery. An unfavorable issue (death) is most frecpient in complications, 
lait such may occur also in cases running a perfectly typic course if 
the local affection is very severe and extensive, the general phenomena 
(continued, very high fever, etc.) very intense, and the affected indi- 
viduals are in a low state of resistance (after recovery from other dis- 
eases, e,g., in the stage of convalescence; also in childhood, advanced 
age, etc.). In these cases, aside from the local alterations, fresh spleen- 
tumor (from hyperplasia of the pulp cells) and cloudy swelling of the 
parenchymatous organs, especially of the large glandular organs of the 
abdomen (liver, kidneys, stomach) and of the myocardium, are almost 
constantly observed at necropsy. Sometimes the local alterations are 
entirely obscured and the general changes predominate, es])ecially in 
septic, puerperal^and diphtheritic processes. This may be so pronounced 
that nothing but parenchymatous clouding and spleen-tumor are found 
post mortem. If icterus also is present, as is not infrequently the case 
in septic processes, the pathologicoanatomic findings closely resemble 
those observed in phosphorus poisoning. The only difference is that 
phosjihorus poisoning is never accompanied by swelling of the spleen, 
and that* hemorrhages are generally absent in septic processes. These 
important differential points, however, may be lacking, since in phos- 
phorus poisoning hemorrhage and, in very acute sepsis, swelling of the 
spleen may sometimes be absent. On the other hand, under certain 
conditions, namely, after malarial affection, etc., chronic splenic turner^ 

^Malarial affections also belong here. (See Animal Parasite.^ p. 399.) 

^ This is more dense than acute spleen-tumor. The cut surface is smooth and 
red, while in acute spleen-tumor the hyperplastic pulp bulges upon the incised 
surface. (See Spleen.) 
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may be found also in phosphorus poisoning. Often in such cases a 

positive conclusion can be reached only after consideration of all the 

conditions (clinic history, chemic examinations, etc.). 

These acute infectious diseases accompanied by general phenomena 
stand in marked contrast to those beginning slowly, insidiously, and 
often quite latent: syphilis, scrofula, tuberculosis, gonorrhea, cerebral 
abscess, etc. In these affections general symptoms, high fever, chills, 

etc., are usually absent, but under certain unfavorable conditions they 
may become manifest. 

Some infectious diseases are characterized by their chronic and 
usually unfavorable course, c.g., chronic tuberculosis; others by their 
usually local, circumscribed course (abscess, furuncle, gonorrhea). In 
some, one attack of the disease generally protects against subsequent 
invasion (small-pox, scarlatina, measles); in others the disposition to 
new attacks is increased (diphtheria, malaria, eye diseases, la grippe, etc.). 


Tuberculosis. 

The term tubercle is enii)loyed to designate not every nodule, 
as frequently is the case in works on descriptive anatomy, but only a 
small infectious, usually multiple, inflammatory, tumor-like nodule — a 
nonvascular, true neoplasm, an irritative cellular proliferation 
— ^which develops from tissue belonging to the group of connective sub- 
stances. The young growth consists of two zones— a central and a 
peripheral. The latter is composed of small, delicate cells possessing 
great resemblance to lymphoid cells. ^ They are transparent, slightly 
granular round cells with a small homogeneous, or large, slightly granu- 
lar, nucleus which occasionally contains a nucleolus. The central zone 
consists chiefly of so-called epithelioid cells. These ^re, as the name 
indicates, large, .somewhat flattened epithelial-like cells derived from 
connective-tissue cells and endothelia,^ and pos.sess one or several large 
oval (vesicular) nuclei with distinct nucleoli. Between these cells a fine 
fibrillated network can sometimes be seen, which is composed partly of 
the pre-existing fibrous tissue of the region, partly of prolongations of 
the new-formed cells. In young tubercles fibrin is said to b^ present. 
At about the junction of these two zones, usually, however, within the 
central zone, are found either one or more so-called giant cells 
of Langhans (Fig. 218). These are large, polymorphous cells charac- 
terized’ by the presence not of two or four nuclei, as often is the case 
in epithelioid cells, but of a great number of nuclei (often more than 

1 A small number of leucocytes also are present as a result of emigration. 

2 They may be derived also from true epithelial elements. 
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100), which assume a quite definite arrangement. The nuclei are usually 

oval and so distributed as to occupy only a part of the cell, forming a 
cluster, a crescent, or a nearly complete circle, the rest of the cell being 
entirely free of nuclei. The nonnucleatecl portion of the giant cell is 
usually finely granular, like liver or kidney cells in a state of cloudy 
swelling; but it may also present a different aspect, r.r/., be more or less 
intensely filled with fat. In the nucleated portion of the giant cell the 

nuclei are closely packed together and usually so arranged that their 
greater (long) diameters arc almost parallel and sometimes radiate. As 
a rule, the center and periphery of these cells are free of nuclei. The 
cell-body is provided with very numerous prolongations which can be 



Fig. 218. — Tubercle of the liver, showing giant cell. The liver-cells 
are indicated by shaded areas. (Zeiss Apochr., 4; Comp. Ocul., 4. After 
iMngerhans.) 


‘^cen to unite wilh the reticulum of the tubercle structure. These ele- 
ments can be recognized in most tubercles at a certain stage of devel- 
opment, i,c,, in the fully developed stage. When the tubercles are 
younger or older, certain deviations from the above-ueserbed typic 
structure occur. ^ 

^ Aside from those forms observed in tuberculosis, giant cells are found 
f'hiefly surrounding foreign bodies (foreign-body giant cells). In addition to their 
presence in granulation tis.sue, giant cells occur also in the chorionic villi (syn- 
^ y t i a 1 cells), in syphilitic foci, in sarcoma (giant-celled .sarcoma: epulis), 
•uid occasionally in carcinoma (epithelioma). Where bone is destroyed, giant cells, 
'lesignated as osteoclasts, occur which consume it. In bone-marrow are 
‘)und giant cells the bodies of which are of great size and contain a single, very 
peculiarly shaped and often lobulated nucleus (megalokaryocytes, 
>11 y e 1 op 1 ax e s>. So-called giant cells are observed also in Hodgkin’s disease. 
> 1. Steindl states (Wien, klin. Woch., No. 49, 1910, p. 1752) that he has found giant 
jells in the urine sediment in urotuberculosis. No tubercle bacilli were found, 
wever. 
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In these tubercles are always found definite vegetable micro-organ- 
isms— Koch’s tubercle bacilli, usually in considerable- numbers — which 
are often arranged in small groups. The giant cells generally contain a 
number of tubercle bacilli. 

The tubercle bacillus^ (Plate VI, Figs. 1 and 2) is a slender, slightly 
bent rod 1.5 to 2.5 in length. It grows in artificial cultures, best 
in meat-pepton-agar with 6 per cent, glycerin, at a constant temperature 

of 37® to 38^^ C. (98.6® to 100.4® F.). Its growth ceases at a tem- 
perature under 30® C. (86® F.). It is very resistant to drying, high 
temperatures, strong disinfectants, putrefactive action, etc., but under 
the influence of direct sunlight it perishes in a very short time. 

Almost all warm-blooded animals are susceptible to the action of 
the tubercle bacillus, though in regard to the susceptibility of individual 
species there are very wide differences according to the origin of 
the infecting tubercle bacilli. For example, according to Koch and 
Baumgarten, the bovine species and rabbits are not at all, or only slightly, 
susceptible to the bacillus of human tuberculosis C'typus humanus/* 
Kossel and Weber), while guinea-pigs are exquisitely susceptible to this 
bacillus; on the other hand, bovines, rabbits, guinea-pigs, and mammals 
in general are very susceptible to the bacillus of bovine tuberculosis 
(**typus bovinus/' Kossel and Weber), toward which, on the other hand, 
man, especially adults, is quite resistant (Baumgarten). Birds in gen- 
eral are immune to both the human and bovine tubercle bacillus; on 
the other hand, they are highly susceptible to the bacillus of avian tuber- 
culosis; the parrot, however, is susceptible to the bacilli of human, 
bovine, and avian tuberculosis. Cold-blooded animals are entirely im- 
mune to the bacillus of human, mammalian, and avian tuberculosis ; on 
the other hand, they are susceptible to the bacillus of tuberculosis of 
cold-blooded animals (“fish tuberculosis’"), while man, mammals, and 
birds are immune to this bacillus. 

The distribution of tubercle bacilli and their entrance into the human 
body take place, on the one hand, by inhalation (aerogenous infection), 
sputum containing tubercle bacilli becoming dried and the bacilli enter- 
ing the respiratory passages along with rising dust ; and, on the other, 
through the agency of oral secretions containing bacilli ejected by tuber- 
culous subjects during speaking, coughing, etc.® Furthermore, infection 

^This bacillus was described also by Baumgarten independently of Koch 
(A. Prcdohl; **Die Geschichte der Tuberculose,” 1888, p. 347). Kocn, however, 
was the first to isolate it in pure culture (Berlin, klin. IVoch,, 1882> p. 221). 

2 fi millimeter = ^^sooo of an inch. 

® According to Aufrecht (Berlin, klin, Wock,, 1910, No. 40, p. 1829), the route 
of invasion in pulmonary tuberculosis is by way of the tonsils, cervic and lymph- 
glands. More advanced pathologic alterations in the lungs and brondtlal glands 
than in the cervical lymph-glands are not convincing proof that these lesions are 
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may occur through the gastrointestinal canal, including the oral cavity 

(tonsils, diseased teeth), by ingestion of material containing tubercle 
bacilli (milk, etc.) ; also through the urogenital canal during coitus, and, 
finally, through the visible mucous membranes (conjunctiva) and the 
skin in localities which have been injured or perhaps deprived only of 
epithelium, on contact with p4tts upon which tubercle bacilli are present.^ 

Inoculation tuberculosis is not rare. Here belong tuberculosis of 

the skin of the hands of individuals who handle tuberculous material, and 
cases of tuberculous infection of wounds, c.g., of the prepuce after ritual 
circumcision, and tuberculous infection of the female genitalia through 
coitus. 

When tubercle bacilli have entered the human body in this manner 
and given rise to infection, the process is at first entirely local. Fur- 
ther extension is due to increase and dissemination (metastases) of the 
bacilli in the body. 

Tuberculin (cutaneous) reaction. The von Pirquet tuberculin test has 
rapidly become the favorite in general practice, no doubt owing to the ease with 
which it can be applied, and also because, unlike the other forms of diagnostic 
tuberculin application — the conjunctival (Calmette) and subcutaneous (Koch) tests 
— it is unattended by unfavorable results. Unfortunately, however, its value has 
been overestimated. 

A positive von Pirquet is simply the expression of the altered power of reaction 
of the organism (‘‘Allergy”), or, in other words; every individual with 
a tuberculous focus generally gives the reaction, no 
matter whethc^r the process is active, latent, or obsolete. 
This is shown by the great number of positive reactions, which Hamburger esti- 
mates as 95 per cent, in children 13 years of age, and von Pirquet as 68 per cent, 
in children over 10 years of age. The variations are very great and referable 
partly to modifications of the reaction, to differences in concentration of the tuber- 
culin employed, to the frequency of the inoculations (repeated application with 
negative result), and to difference of the material. Blumel’s^ experience with 
older children and adults shows the frequency of tuberculosis to be almost as high as 
that determined by Naegeli in cadavers (97 per cent.). In 53 per cent, of necrop- 
sies on children of from 11 to 14 years of age, Hamburger observed tuberculosis 
as a concomitant (i.e., not as the cause) of death. It must, therefore, be assumed 


older. Weichselhaum (VT Int. Tub. Conferenz, Wien, 1907) says that degluti- 
tion tuberculosis in man, especially in childhood, is much more frequent than most 
investigators of the i>ast have believed. In this mode of infection invasion may 
occur not only by way of the stomach and intestine, but also by way of the oral, 
nasal, and pharyngeal cavities, and synchronously from all these localities, no matter 
whether the bacilli enter these cavities with the food or other ingesta, with the 
uispired air, or in any other manner. 

^ In children, injury to the head, without separation of continuity, is some- 
limes followed by tuberculous meningitis. Here the tubercle bacilli did not enter 
the body through the trauma; they probably were already present (latent) in the 
e.g., in the lymph-glands, and settled in the injured part made more susceptible 
to infection with the bacilli. 

2 Fortschritte der Medizin, 1911, No. 11, p* 248. 
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that, beginning with 1 per cent, in the first year of life, tuberculosis has infected 
in the period up to the fifteenth year about all who are attacked; that tuberculosis 

is, as Schlossmann says, a disease of childhood and affections in adults are only 
reinfections. 

The von Pirquet reaction has led to entirely new and important conceptions 
as to the distribution of tuberculous foci in man ; but as to whether the tuberculosis 
thus rendered so apparent is in every instance active, it alone offers no reliable 
information. 

The character of the reaction in clinicly healthy and actively 
tuberculous individuals has been compared with the view to applying the difference 
in intensity and course of the test in diagnosis. The so-called “torpid” or “late 
reaction, i,e,, a reaction occurring only after twenty- four hours or longer, has 
been regarded as a sign of an inactive tuberculosis; on the other hand, very exten- 
sive, intensely hyperemic inoculation papules with vesicle formation are accepted as 
evidence of an active process. The quality of the reaction, however, by no 
means always stands in such direct connection with the disease process as to permit 
from its intensity alone a conclusion as to the activity or inactivity of a tuberculosis. 
Hamburger justly calls attention to the many sources of error in the application of 
the cutaneous reaction, emphasizing that its issue depends upon the nature of the 
wound made, the variable vascularity of the skin, and, in general, upon the 
individual power of resorption. 

In order to decrease the number of positive reactions, different concentrations 
of tuberculin have been employed; but the avoidance of reaction also in inactive 
tuberculous subjects has not always been obtained. If at all, it appears that in 
this way only are we able to determine whether the individual in question is ill or 
only infected with tuberculosis. 

It can only in a general way be said that a very intense reaction is rather 
an indication that the individual in question is ill with tuberculosis; on the other 
hand, it must be remembered that scrofula, which is a relatively torpid form of 
tuberculosis, reacts very actively to inoculation. 

The specificity of the reaction must be admitted, even though every 
positive reaction is not confirmed at necropsy. It must be assumed that in examina- 
tion, which usually is macroscopic, very small foci may be overlooked. Thus, in 
Peer’s clinic, in 120 necropsies, mostly upon infants, among 24 Pirquet-positive cases 
there were 2 with negative necropsy findings as regards tuberci»losis ; 90 cases with 
negative Pirquet were negative also at necropsy; while in 6 cases with negative 
reaction and positive necropsy findings, cachexia, tuberculous meningitis, or miliary 
tuberculosis was found. In the cases just mentioned, as well as in chronic 
general tuberculosis and measles, the reaction is quite constantly negative 
(owing to deficiency of antibodies to call it forth) ; occasionally also in inactive 
tuberculosis, and after introduction of large doses of tuberculin. In the latter 
case the reappearance of the reaction is used as an indicator for reapplication of 
specific therapy. (Jochmann.) Unfortunately, this is one of the few possibilities 
where the Pirquet can be used as a distinguishing diagnostic feature; here as an 
indication of the reappearance of tuberculin sensitiveness. 

The diagnostic significance of a positive reaction is shown in the 
first and second year of life. Here the Pirquet is, so to say, decisive, because at 
this period inactive tuberculosis is rare. For example, Mallinckrodt found in 
necropsies upon 20 Pirquet-positive infants only fresh tuberculosis. In later 
childhood and in adults the Pirquet reveals so many inactive healed tuberculoses 



TUBERCULOSIS. 


441 


that a positive result is not decisive, but is to be accepted with the greatest 
reserve. For example, in clinicly healthy children Peer found positive 

reactions in 11 per cent, in the third year, in 22 per cent, in the fifth to seventh year, 
and in 38 per cent, in the tenth to fifteenth year. The reaction here indicates rather 
that anatomic alterations are present in the body as residua of a usually healed 
tuberculous process, but it scarcely enables us to make a clinic diagnosis. 

To what diagnostic errors the Pirquet may lead in surgical diseases 
if it is relied upon to decide as to the tuberculous nature of a bone or articular 
lesion is shown by an example. In 50 surgical cases diagnosticated as tuberculosis, 
Makowsky found a positive reaction in every instance, but he found it also in 60 
per cent, of his clinicly nontuberculous patients. It is equally as grave a diag- 
nostic error in percussional and auscultatory abnormalities in the apices of the lungs 
to conclude that a positive Pirquet alone proves the tuberculous nature of the 
disease or alteration in question. Sufficient erroneous diagnoses have been made 
here without the Pirquet. The Pirquet has increased these errors and thus aug- 
mented the number of nonclinicly tuberculous subjects in sanatoria for pulmonary 
diseases. 

A negative reaction, especially in the second inoculation and with 
due regard for the exceptions above mentioned, indicates very definitely that the 
individual in question is not affected with active tuberculosis. In children a nega- 
tive reaction may often dispel the suspicion of tuberculosis. This estimation of 
the negative reaction is quite uniformly accepted. The scratch test has been recom- 
mended also to determine the sensitiveness to horse serum (diphtheria antitoxin). 

Tuberculosis of cattle, pearl disease (“Perlsucht”), which forms 
large nodules the size of a hcni]) seed and larger, often arranged in a 
chain resembling a string of pearls, is probably caused by the same ba- 
cillus. In affecticpi of the udder of the cow the “Perlsucht'’ bacilli enter 
the milk, and, if the milk is ingested raw, reach the gastrointestinal 
canal of man in a viable state. According to recent investigations, the 
assumption that tuberculosis not infrequently is transmitted to man 
through the milk of tuberculous cows is very probable. This question, 
however, has by no means been settled.^ 

As inoculation with tubercle bacilli invariably pro- 
duces tuberculosis in susceptible animals, and as all tubercles (in a 
strict sense) contain tubercle bacilli, the tubercle bacillus is acceptecl as 
the specific pathogenic micro-organism of tuberculosis. Tu- 
bercle bacilli, however, occur in the human body not only in typic 
tuberclesi^ but also in scrofulous lyinph-glands, in fungous arthritis, in 
lupus, and in caseous hepatization. All these processes, therefore, will 
be discussed in connection with tuberculosis. 

In the majority of cases tuberculosis is not congenital — not intra- 
uterine acquired — ^but acquired after birth. In the passage of the ovum 

1 Experiments carried out by the British Tuberculosis Commission definitely 
prove that the bacilli found in certain human cases are capable of producing in 
a disease clinicly indistinguishable from tuberculosis of the bovine type, 
juirthermore, typic bovine bacilli were discovered in several cases of tuberculosis 
man. 
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through the F^allopian tubes into the uterus and of the spermatozoon 
from the testes through the vas deferens into the urethra, bacillary 
action may be exerted upon the sexual cells from the side of the parents. 
Such action is possible in urogenital tuberculosis in the male. In this 
case it is not a question of heredity, but of infection of a ready-formed, 
motile sexual cell previously present in the sexual glands. The fertilized 
ovum within the uterus may be infected by the mother through the 
placenta: placental transmission. 

Bergman,^ in the years 1904-1908, observed 108 cases of congenital tuber- 
culosis in calves, of which four w^crc feti and the rest not more than 3 days old. 
For confirmation of the diagnosis microscopic and bactcriologic examination of the 
foci as well as animal inoculations w'ere made. A detailed report is given of the 
pathologic findings in the four feti, in all of which tubercle bacilli were demonstrated. 
In all 108 cases the portal lymph-glands were involved. The mediastinal lymph- 
glands were involved 63 times, the bronchial glands 43, the liver 18, and the lungs 
10 times. In some cases it was observed that the bronchial lymph-glands and lungs 
were involved wnthout demonstrable tuberculous foci in the posterior mediastinal 
glands, and that the lungs were involved without a demonstrable focus in either 
the bronchial or posterior mediastinal glands. Tuberculosis of the serosa was very 
rare. In only 1 case were tuberculous neoplasms of the same ai)pearance and struc- 
ture as those seen in older animals observed upon the costal pleura. Osseous 
tuberculosis was observed twice. The foci were situated in the spongiosa. Strange 
to relate, the twin of one calf which was tuberculous showed no signs of tuber- 
culosis. In the placenta of three of the feti examined tuberculous foci were 
found at the junction between the placenta materna and foetalis, so that tubercle 
bacilli could enter the circulation of the fetus from this source. For this reason 
and because the portal lymph-glands were involved in all cases' and often contained 
foci with much more advanced regressive changes than foci in other parts, it may 
be assumed that in all these cases the tubercle bacilli were transmitted from the 
mother to the fetus through the placental circulation. The fact that all the calves 
and feti were normally developed speaks against germinal infection. 

In tuberculous infection heredity plays the greatest role, not 
in the sense that all individuals with an inherited taint* must necessarily 
die of tuberculosis, or that only those with inherited taint die of con- 
sumption or tuberculosis, but when all those cases which have succumbed 
to consumption or tuberculosis are investigated as to their descent from 
tuberculous parents or grandparents it is found that a very high per- 
centage had hereditary taint, and only a very insignificant percentage 
had no such history. Hence, heredity plays the most important 
r61e.2 Tersely stated, these inherited peculiarities consist therein that 
the tubercle bacillus finds in individuals with congenital taint better con- 
ditions for lodgment and propagation, or, in other words, a better soil. 

1 Centbl. f. Bakt, Orig., Bd. 52, Heft 2, p. 193. 

2 Quite recently the view has been advanced that descendants of families with 
tuberculous history gradually acquire through succeeding generations a natural 
immunity ! 
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What this difference is is still unknown. On the other hand, however, 
it is known that individuals who have no hereditary taint also may 
acquire disposition to tuberculosis as the result of influences 
which injure or weaken the body. To these influences belong, first of 
all, change of climate, syphilis,^ general unfavorable hygienic environ- 
ment (unhealthy dwellings, badly ventilated work-rooms, improper cloth- 
ing, defective nutrition), and, second, a number of diseases which 
unfavorably influence the metabolism of the body and diminish the 
powers of resistance. Dissemination of the bacilli occurs essentially 
through the sputum of phthisic or tuberculous individuals. 

The already described nodules characterized by the presence of 
tubercle bacilli have no constant size. They are generally described as 
miliary (milium: millet seed); but this is seldom appropriate, be- 
cause the tubercle is usually the size of a pop]>y seed or slightly larger; 
they are, therefore, ordinarily submiliary, /.c., smaller than a 
millet seed. \^ery young tubercles of the arachnoid, serous membranes, 
liver, and omentum are often so small that they can be distinguished 
only with a loupe, or they appear like minute, transparent-gray dew- 
drops. These young forms usually contain no giant cells. The older 
the tubercles the larger they become until, finally, they reach submiliary 
(arachnoid, mucous membranes, liver), more rarely miliary, size (in the 
bile-ducts, serous membranes). 

With further growdh an occasionally pale-yellow, usually a whit- 
ish, cloudy centeV appears within a gray-translucent nodule, the fluid 
constituents being absorbed and a dry, amorphous, dead (cheesy) albu- 
minous mass resulting from inspissation. This caseous metamor- 
phosis is almost the rule, but is not pathognomonic of tubercle, since 
caseation occurs often in pathology as the final stage of proliferations 
and inflammatiops. Furthermore, caseation is not the only form of 
retrogressive metamorphosis in tubercle; in addition to caseation more 
or less intense, often very marked fatty metamorphosis, and usually only 
partial fibrous degeneration or retrogression also occur. Fatty and 
fibrous metamorphosis are found chiefly in tubercles which persist for 
a long time (e,g., in the serous membranes), and do not disintegrate 
like tubercles of the mucous membrane. A moderate degree of fatty 
metamorphosis very often occurs also near extensive caseation; it is 
then limited (e.g., in tubercles of the kidney and liver) to those areas 
in old tubercles which have undergone retrograde metamorphosis, where 
the central, caseated zone (the region of epithelioid cells) joins the 
small-celled, noncaseated periphery of the tubercle. All tubercles, how- 


^ See footnote, p. 431. 
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ever, do not become caseous; some {c,g,, in the submucosa and liver) 
occasionally undergo complete fatty metamorphosis, and may finally 

disappear by absorption. This process is very rare; incomplete fatty 
metamorphosis is most frequent, especially in the periphery of the 
nodules. 

The further history of tubercle varies greatly according to its loca- 
tion. Superficial tubercles, particularly those of the mucous membranes 

of the respiratory, urogenital, and digestive tracts, which are subjected 
to much irritation, generally break down very early, often before case- 

ous metamorphosis is distinctly visible, disintegration starting at the sur- 
face. Caseated tubercles disintegrate by softening and liquefaction of 
the caseous material by absorption of water. The margins of this 
primary ulcer are, at first, still caseous. By progressive destruc- 
tion of the tubercle, however, the ulcer gradually becomes cleansed and 
a characteristic, flat, lenticular ulcer (ulcus Icnticulare) develops; as 
a rule, this lenticular ulcer, typic of disintegration of a tubercle, very 
early loses its characteristic form by confluence with other tuberculous 
ulcers as soon as new tubercles develop in its neighborhood, base, and 
margins, and form secondary ulcers by disintegration. The 
secondary (corroding) ulcer (ulcus rodcns), in contradistinction to the 
simple lenticular ulcer, has irregular, ragged, excavated margins, and an 
uneven base. Small caseated tubercles often can be recognized with 
the naked eye in the walls and floor of the ulcer. On the other hand, 
the primary (lenticular) and the secondary (corrooing) ulcers may 
combine with other ulcers (c.g,, follicular) arising from follicular 
abscesses, whereby the form of the ulcer (e,g., in chronic intestinal 
tuberculosis) is rendered more complex. In other cases they may 
become cleansed and cicatrize. 

Cicatrization is always attended by retraction, which, in' mucous 
canals (intestine), may result in decided narrowing of the lu- 
men (stenosis). Frequently cicatrization is incomplete, only 
a iX)rtion of the ulcer cicatrizing, the other portion spreading by erup- 
tion of new tubercles, or new eruption of tubercles occurs in the cicatrix 
itself. 

Tubercles of serous membranes, the omentum, arachnoid, choroid, 
retina, testes, and liver, with exception of tubercles of the bile-ducts, 
do not ulcerate, but may undergo partial resolution by absorption and 
fibrous degeneration. 

If infection occurs in any of the localities mentioned, uc., if tubercle 
bacilli have found lodgment and excited a local tuberculosis, further 
invasion of the body may take place by certain channels or routes. 
These are, first, the lymph- and blood- channels; second, the remaining 
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ducts and canals of the human body. In general, it is observed that 

tuberculosis extends chiefly in the direction of the lymph-stream. Ex- 
tension by the blood-current seems to depend upon opening of blood- 
channels, injury to vessels. In some cases, e.g,, in disintegration of 
tuberculous bronchial glands, when the process involves the wall of a 
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Fig. 219. — Tubercular bronchopneumonia. The foci are partly broncho- 
pneumonic, partly resorption tubercles. Nodules about the bronchi, in places 
confluent, as at k. i, aerated parenchyma ; h, large bronchiole ; g, vessels ; 
P, pleufa. Orcein stain, X 20. (After Smaus,) 


bronchus and material containing tubercle bacilli is discharged from the 
Ivmph-gland into the bronchus, tubercle bacilli may be disseminated into 
tbe area supplied by this bronchus. 

The formation of tubercle is frequently associated with i n f 1 a m - 
'^latory processes of neighboring parts: c.g,, tubercles of 
Jbe pleura with fibrinous pleuritis. These processes are not necessarily 
interdependent, for tuberculosis of the pleura can exist without, as well 
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as with, pleuritis. Inflammation may stand in co-ordinate relation to 

tubercle formation, Le,, the tubercle may originate first and inflamma- 
tion follow, or inflammation may be primary and tubercle formation 
occur in the inflammatory product, e.g., in pleuritic adhesions. In the 
first instance (Fig. 220) the tubercle (a) is situated in the pleura, (b), 
and the exudate (t ) covers the pleura; in the second instance (Fig. 
221) the tubercles (a) are located in the exudate (r) of the pleura (&). 
In the latter case vascularization and organization of the fibrinous exu- 
date had already begun, and the tubercle bacilli subsequently entered the 
new-formed capillaries with the blood-current. At a certain stage of 
development of tubercle, es]>ecially when retrograde changes are dis- 
tinctly visible, inflammation is almost never absent in the neighborhood 
of the tubercles (pneumonia around pulmonary tubercles, peritonitis 
around tubercles of the peritoneum). Inflammation of surrounding 
parts is frequently lacking only in eruption of very young tubercles. 



Fig, 220. log. 221. 


By scrofulosis is understood a definite alYcction of the lymph- 
glands. This disease is usually characterized by marked enlargement of 
the lymph-glands of the neck ; as a consequence, the whole neck often 
swells to such an extent that the lines of deinarkation between the lower 
jaw and breast disappear. In this manner is produced a certain resem- 
blance to the short, thick neck of the swine. Hence, the name scrofula 
( from scrofa : a sow ) . 

The swelling of the 1 y m p h - g 1 a n d s is almost always of 
a .secondary nature, the result of local alterations in* the root area of 
the lymph-vessels, especially of the .skin and mucous membranes (der- 
matitis, catarrhal inflammations, ulcers, etc.). h>om these points the 
tubercle bacilli are ccmvcycd by the lymjfli-currcnt to the lymph-glands, 
where they arc, as it were, filtered out and cause inflammatory hyper- 
plasia of the gland-cells. Not every swelling of the submaxillary, jugular, 
cervical, and mesenteric glands is designated as scrofula, but only such 
as is more intense than the original local affection in the root area of 
the lymph-vessels, is of chronic duration, and, therefore, generally mani- 
fested more as an independent affection of the glands. In fact, the 
primary alteration is very frequently sought in vain. This pronounced 
involvement of the lymph-glands after quite insignificant primary affec- 
tions in the root area of the lymph-vessels can be explained only by an 
especial vulnerability of the lymph-glands. 
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As a result of hyperplasia of the lymph-gland cells, scrofulous 

lymph-glands often swell ten, even fifteen, fold; through the uniform 
swelling quite soft, somewhat flabby tumors originate. The new-formed 
cells possess no stability, but, like the cells of tubercle, soon perish by 

caseous metamorphosis and, certain parts becoming firmer and denser, 
produce a dry, necrotic proteid mass which remains in loco. The gray 

or grayish-red, moist, glistening cut surface, which at first is quite uni- 
form, thus acquires in certain areas a yellowish-white or white, opaque, 
and dry appearance. Sometimes the whole, sometimes only part, of the 
gland is altered in this manner. In scrofula, therefore, the primary — 



Fig. 222. — Tuberculous large-celled hyperplasia of lymphatic gland, a, 
remnants of lymphadenoul tissue; b, large round-celled tissue; r, spindle- 
celled tissue. X 150. (After Ziegler.) 

hyperplastic — stage is generally followed by the second, namely, the 
stage of ca.seoiis^metamorphosis. 

The caseous material may either remain in loco or, by soften- 
i n g and liquefaction, give rise to the so-called granular detritus, 
in the latter instance inriamination and supjmration in the neighborhood 
arc not infrequent. By mixture of the pus witli the liquefied caseous 
masses, so-called “cold abscess’’ develops. With advancing dis- 
integration, this may rupture externally and produce a scrofulous 
ulcer, which heals always with the formation of a radiate, retracted 
cicatrix. Sometimes diminution in the size of the glaiifl occurs as the 
re.sult of partial absorption without rupture externally. The remnant 
the gland then becomes surrounded by a dense connective-tissue 
capsule and may calcify. In rare instances scrofulous glands may dis- 
^ippear entirely by marked fatty metamorphosis and absorption. 

Tubercle bacilli are found in scrofulous glands, but not in such 
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numbers as in tubercle. They are sufficiently numerous, however, almost 

always to be detected without great difficulty. 

There are three points of predilection for scrofulous 
alterations of the lymph - glands: the cervical region, the 
region of the bronchial glands and of the anterior and posterior medi- 
astinum, and the mesenteric glands. All these regions stand in a 
dependent relation to the local alterations in the respective lymph-vessel 
root area. 

To those regions from which the scrofulous glands receive the 
tubercle bacilli belong the eye (scrofulous eye diseases, e.g., conjunc- 
tivitis phlyctccnulosa and keratitis pJilyctccniilosa) , the nose (ozena, a 
purulent rhinitis characterized by a foul odor, which in severe cases is 
associated with ulceration), carious teeth, the crypts of the tonsils, the 
pharynx {pharyngitis granulosa follicularis; sometimes the tonsils and 
lingual follicles are involved: angina scrofulosa)^ the intestine (enteritis 
follicularis scrofulosa, scrofulous intestinal catarrh), and the skin (scrof- 
ulous exanthemata). All these diseases are called scrofulous when and 
because they are immediately connected with glandular affection. They 
develop chiefly in childhood, and are characterized by chronicity and a 
tendency to recur. 

Tuberculosis and scrofula, therefore, are similar in many respects. 
In both, tubercle bacilli are found; in both, the process begins with 
proliferation; the new-formed cells in the periphery , of a tubercle and 
of the swollen glands are similar, i.r., possess the character of lymphoid 
corpuscles; in both, the new-developed cells are of inferior stability 
and manifest a great disposition to undergo caseous degeneration. In 
the lymph-glands, however, the process concerns normal tissue which 
increases markedly in amount — an hyperplastic lymphoma; 
and in tubercle connective tissue does not develop hi the connective 
tissue, but a lymphatic formation, i.c,, an heteroplastic lym- 
phoma. From an anatomic standpoint, therefore, it is 
incorrect to consider both processes as identic, as 
is often the case. It is incorrect, also, from a clinic stand- 
point; for as nearly as scrofula and tuberculosis are related they, 
nevertheless, manifest decided differences in their clinic course and 
issue. Above all, it is of essential significance for prognosis whether 
an individual has tuberculosis or scrofula. Very many persons who 
were scrofulous in their youth fully recover from their affection in later 
life; at any rate, very many more than tuberculous cases which regain 
health. 

Scrofula is chiefly a disease of childhood — of the immature, still 
growing tissues, while tuberculosis, on the average, begins somewhat 
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later, frequently with the advent of puberty. That, on the other hand, 
both affections are nearly related also from a clinic standpoint, is 
shown by the quite frequent coexistence of both diseases ; furthermore, 
by the fact that, in both, the local disposition (for this only is inherited 
and not the disease itself) is of very great significance; that general 
bad hygienic surroundings as well as antecedent diseases favor the out- 
break, and that tuberculosis quite often follows scrofula. 

In adults the bronchial glands are rarely affected by tuberculosis except in con- 
nection with disease of the lung; in children, however, they are regarded by 
some as a very common site of primary tuberculosis. The tubercle bacillus may 
gain entrance to the bronchial glands through the tonsils or the pharyngeal, 
tracheal, or bronchial mucosa without any visible lesion in these parts or any affec- 
tion of the lung. In cases resulting in general miliary tuberculosis the bacillus may 
enter the circulation from the glands either through the thoracic duct or by 
penetration of a vein by a softened gland. Direct infection of the lung from the 
bronchial glands may occur: (a) through a branch of the pulmonary artery, result- 
ing in miliary infection of the part of the lung affected; (1;) Aufrecht believes the 
bacilli may pass from a tuberculous gland through a healthy vessel wall; (c) through 
the lymphatics at the hilus. Infection follows first the peribronchial lymphatics, 
leaving the bronchial Inmina and the alveoli intact. The bronchial walls are thick- 
ened and distorted ; their luniina narrow’cd. When the disease invades the bronchial 
Innien the sputum becomes purulent and contains the bacillus and clastic fibers. 
Hemoptysis may occur. Rupture of a softened gland into the mediastinum, pleural 
cavity, the trachea, or bronchi may occur, especially in children. 

As today tlier^ can Ijc no doubt of the pathogenetic relation of the 
tuliercle bacillus to scrofula as well as to tuberculosis, the question 
arises : Why, in one case, does the body react with scrofulous altera- 
tions, in the other with the formation of tubercles? This question can- 
not as yet he conclusively answered. yV)ssihly the virulence of the 
tubercle bacillus is not always the same ; it is more probable, however, 
that the reason is* to be found in the greater or less disposition — in an 
altered chcmic state of the tissues — of different individuals. The fact 
that many persons who manifest no disposition to tuberculosis and who, 
in spite of frequent opportunity for infection with tubercle bacilli, never 
become tuberculous or scrofulous, speaks in favor of this view. Al- 
though the exact reason why scrofula originates in one instance and 
tuberculosis in another is still unknown, it is always necessary to sepa- 
rate the two processes; just as in syphilis, gummous and interstitial 
processes, and in pulmonary consumption tubercular processes and 
caseous hepatization can and must be differentiated. 

Just as human individuals react differently toward the tubercle 
bacilli, so also the various tis.sues manifest a greater or less 
disposition or immunity to tuberculosis. The parts most 
frequently attacked by tuberculosis are the mucous membranes of the 
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respiratory tract and intestinal canal In the latter, the mucous mem- 
brane of the esophagus, which is covered by stratified squamous epi- 
thelium, manifests the least tendency to the formation of tubercles, and 
only a slight tendency is shown by the mucous membrane of the stomach 
and duodenum. Tubercles are of rare occurrence in the anterior por- 
tion of the mouth ; in the pharynx and tonsils they are somewhat more 
frequent. Points of predilection are the small and large intestine, tuber- 

cle occurring oftener in the ileum than in the jejunum, and in the cecum 
and ascending colon more frequently than in the transverse colon, and 
in the latter more frequently than in the descending colon and rectum. 
Tuberculous processes, therefore, belong more to the lower portion of 
the digestive canal, i.c,, to the region that is chiefly involved in typhoid 
fever. Next to the mucous membranes the parts most frequently in- 
volved arc the serous membranes, the omentum, spleen, bone-marrow, 
arachnoid, kidneys, suprarcnals, middle car, brain, uterus and Fallopian 
tubes, testes, and urinary bladder. The salivary glands, thyroid, mammae, 
ovaries, musculature, panniculus adiposus, and cartilage are relatively 
immune. 

Primary tuberculosis occurs most frequently in the respiratory 
passages, much rarer in the digestive canal (usually secondary to 
swallowing of sputum containing tubercle bacilli), and somewhat more 
frequently in the skin, bones, and joints, the urogenital canal, the serous 
membranes, and tonsils. Secondary tubercujosis is observed 
especially in the intestine, lymph-vessels, lymph-glands, serous mem- 
branes, liver, spleen, urinary bladder, etc. 

Primary tuberculosis develops through the action, at the point of 
entry — i.e,, at the primary focus of infection — of tubercle bacilli which 
have gained admission to the body from without. Secondary tuber- 
culosis, in contradistinction to the former, is always io be looked upon 
as metastatic, i.e., bacilli from the primary focus entering the imme- 
diate neighborhood or are conveyed to distant parts and organs with the 
lymph- or blood- stream. The best example of metastasis is acute 
general miliary tuberculosis. This is characterized by 
simultaneous eruption of tubercles in all nonimmune organs 
of the body. The eruption produces symptoms similar to severe typhoid, 
with which it often is confused, and invariably causes death within a 
short time. At necropsy usually only slight retrogressive metamorphosis 
is present in the disseminated nodules. There are generally no signs oi 
inflammation in the periphery of the tubercles. Miliary tuberculosis is 
always due to transportation of tubercle bacilli with the circulating 
blood, and usually follows softening of ca.seous masses containing tuber^ 
cle bacilli: softened caseous lymph-glands, caseous hepatizations, or 
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other caseated parts. The focus from which the body is deluged with 

tubercle bacilli cannot be found in every c^i.se. Acute general miliary 
tuberculosis comparatively often follows hemoptysis. It is conceivable 
that, when a blood-vessel bursts and the blood-current stirs up the tuber- 
culous caseous masses present in an ulcerated pulmonary cavity, tubercle 
bacilli from this material may enter the blood-channels and produce 


big. 223. — Acute miliary tuberculosis of the lung. Disseminated tubercles. 

Orcein stain. X 20. (After Sniaus.) 

niPtastasQs in all other organs. It is equally as comprehensible that acute 
miliary tuberculosis develops when a softened caseous lymph-gland 
I'uptures directly into a blood-vessel (vein) or caseous material is con- 
veyed to the blood through the thoracic duct; when a bloody oi)eration 
performed upon tuberculous bones or joints, or when a gibbus or 
viirvature of the spine, in which caseous masses lie, is forcibly slraight- 
v^ied. In very rare instances large tubercles upon the cardiac valves, 
endocardium, intima of the aorta or other arteries may, in the same 
manner, cause acute general miliary tuberculosis. 
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In contrast to acute general miliary tuberculosis stands chronic 

tuberculosis of individual organs. 

In chronic tuberculosis of the respiratory system 
— pulmonarsr consumption in a strict sense — the affections of the 
bronchi and of the true lung parenchyma must be differ- 
entiated.^ 

Observation is rendered difficult by the fact that, in addition to 
genuine tubercles, there are other nodules which, upon superficial ex- 

amination, may easily be mistaken for tubercle, but, in a strict sense, 
do not directly correspond to tubercles. These are pathologicly altered 
bronchi, the sequelae of a usually old bronchial catarrh. The bronchial 
changes may occur in various forms : as true tuberculous bron- 
chitis {bronchitis tnberetdosa), caseous bronchitis {bronchitis 
cascosa), and fibrous bronchitis {bronchitis fibrosa). 



Fig. 224. 


In tuberculous bronchitis, submiliary nodules — tubercles 
— develop in the mucous membrane of the bronchus, which, like all 
tubercles of mucous membranes, soon disintegrate, leaving tuberculous 
ulcers {ulccra tuberculosa). Eruption of new tubercles generally occurs 
in the neighborhood, whereby the mucosa becomes strongly swollen and 
undergoes caseous degeneration; the lumen is thus greatly diminished. 
(Fig. 224, C, b.) When altered in this manner the smaller bronchi (of 
submiliary size) appear on section almost like a caseated tubercle. Upon 
more careful examination, however, a small opening — the lumen of the 
bronchus — can, in the majority of instances, be seen in the center of 
the nodule. (Fig. 224, C\ b.) If there is any doubt, it is necessary 
only to place a little Wood upon the locality ; this collects in the center 
— within the narrowed lumen — as a small, red spot. 

1 In pulmonary tuberculosis it frequently is a question whether the bacilli 
enter the lung directly with the air (aerogenous infection) or through 
the blood from other parts of the body (hematogenous infection), or 
whether the lymph-channels are the route of transport (lymphogenous 
infection). To reach a decision in this respect all features of the case must 
carefully be considered. 
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Intimately related to tuberculous bronchitis is caseous catar- 

rhal bronchitis: bronchitis catarrhalis caseosa (Fig. 224, B), an 

originally purely catarrhal affection of the bronchus — an inflammatory 
swelling of the mucous membrane with secretion of catarrhal material. 
When the latter is tenacious and mucopurulent in character, retention 
and occlusion of the small bronchi may easily occvir. The next step 
is gradual inspissation and caseous metamorphosis of the contents of 

the bronchus. (Fig. 224, B, c.) On section such a bronchus may still 
more readily be mistaken for a caseated tubercle, since no lumen (Fig. 
224, B, c) can be recognized. Usually, however, differentiation is not 
difficult, because these bronchi tides — the tuberculous, and especially the 
catarrhal — simultaneously attack a number of small bronchi which form 
branches of a large bronchus. (Fig. 225, A.) Consequently, grape-like 
groups of small caseous nodules are seen upon section. (Fig. 225, B.) 



Fig. 225, — Schematic drawing of caseous bronchitis. A, longitudinal section ; 
ft, transverse section. (After Laufjcriians.) 


In obliterating fibrous bronchitis: brouchith fibrosa 
obliterans (Fig, 224, D), connective-tissue growth occurs within the wall 
and partly also in the periphery of the bronchus as a result of chronic 
catarrhal conditions. This new-formed connective tissue gradually con- 
denses and retracts, and finally produces complete obliteration of the 
lumen. Upon section such bronchi appear like groups of small, suf)- 
miliary, gray, translucent nodules resembling quite fresh, noncaseated 
tubercles. On incision it is found that the apparent nodule is a solid, 
fibrous cord (Fig. 224, D) connected with the adjacent bronchi. The 
center oi such a group is usually the seat of slaty induration. 

Occlusion of the lumen with caseated exudate and fibrous oblitera- 
tion usually involve only small bronchi with a diameter of submiliary 
size. The medium-sized and large bronchi, the trachea, and the larynx 
generally present only the changes of ulcerative tuberculous bronchitis. 

In the larynx, in addition to flat tuberculous ulcers which de- 
stroy more or less the inner surface of the epiglottis, the false and true 
vocal cords, deep ulcers are found situated chiefly upon the vocal proc- 
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esses of the arytenoid cartilage. In the base of these ulcers eroded 
cartilage — the arytenoid cartilage deprived of perichondrium — is gen- 
erally observed. These deep ulcers develop as the result of purulent 
arytenoperichondritis which ruptures toward the larynx at the vocal 

process. When the changes are severe, complete destruction of large 
portions of the larynx occurs: the true and false vocal cords, the whole 
epiglottis, and the aryepiglottic folds. The process then always involves 
the pharynx also, and destroys the region of the aditits ad laryngem^ 
especially the base of the tongue and the tonsils. 

In connection with these different forms of bronchitis pneu- 
monia frequently develops in those ])ortions of the lung belonging 
to the affected bronchi. The alveoli become filled with a fibrinocellular 



Fig. 226. — Bronchitis fibrosa obliterans multiplex, h, obliterated fibrous 
bronchi ; k, group of small caseous nodules (caseous bronchitis) with slaty, 
indurated center. (Natural size. After Laugerhans.) 

material which may undergo the same alterations as are* possible in other 
pneumonic processes (fatty metamorphosis and resolution, suppuration, 
gangrene), though in the majority of instances it becomes denser and 
drier by inspissation : caseous hepatization. The area of 
caseous hepatization frequently corresponds to the terminal area of a 
small bronchus — a lobule — hut it may be smaller, c.g., about miliary size, 
only the center of a lobule being involved. It is then designated as 
miliary caseous hepatization. This pneumonia is not, how- 
ever, caseous from the beginning; a caseous exudate is not formed, but 
caseation is only the termination of the catarrhal or fibrinous or mixed 
fibrinocatarrhal pneumonia.^ Therefore, in a strict sense, we can speak 

1 Fibrinocatarrhal bronchopneumonia is the most frequent form of pneumonia 
in chronic pulmonary consumption. 
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only of a caseous hepatization, but not of a caseous pneu- 
monia. 

In acute pulmonary phthisis large areas and even whole 
lobes are generally found in a state of caseous hepatization, numerous 
adjacent lobuli becoming involved and altered in the same manner and 
forming large foci by confluence. Under certain conditions, however, 
a lobar hepatization which originally was fibrinous may undergo casea- 



e 


Fig. 227. — Acute pulmonary miliary tuberculosis (cut surface of the lung), 
a, so-called obsolete tubercle (old encapsulated caseous focus) ; b, induration; 

c, caseous, partly agminated nodules (transverse section of caseous bronchi ) ; 

d, submiliary, noncaseated tubercle in the true lung-tissue ; e, tubercle of the 
pulmonary pleura, natural size. (After Lamjerhans.) (See Fig. 235.) 

tion, namely, when an old caseous focus containing tubercle bacilli is 
present in the same lobe or apex of the lung. In these cases typic 
lobar fibrinous pneumonia is the first clinic manifestation, because the 
older caseous focus generally causes no symptoms until the establishment 
of the pneumonia. Simple softening or purulent liquefaction of the 
extensive caseous hepatizations produces the typic picture of phthisis 
florida, or galloping consumption. 
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As tubercle bacilli are almost always found in these caseous hq)a*- 
tizations, the term tubercle has been applied to them also. Nothing, 
however, is better calculated to obscure a clear conception of these proc- 
esses than this inaccurate and inappropriate designation, for there cer- 
tainly is a very decided difference whether a tumor nodule develops in 
the tissue or an exudate forms upon the surface! Nor should we be 
misled by the fact that the subsequent course of caseous hepatization 
is always disintegration and cavity formation. In case- 
ous hepatized areas the circulation is very soon arrested by strong dis- 
tention of the alveoli with exudate and by compression of the capil- 
laries; the plugs of exudate adhere firmly to the alveolar wall; the 
latter is rendered totally anemic, and, becoming necrotic, finally forms 
with the caseous plugs a quite uniform, coherent, dead mass. Softening 
and disintegration of the caseous hepatized area then result in the for- 
mation of an ulcerated cavity. On the other hand, cavities 
develop also from tuberculous bronchitis and caseous catarrhal bron- 
chitis: in the former by the formation and disintegration of tubercles 
which gradually destroy the bronchus and attack successively the adja- 
cent lung tissues; in the latter, by disintegration of the contents of the 
bronchus and development of a purulent process in the mucous mem- 
brane which gradually extends into the depth. In all three instances 
disintegration involving the true lung tissue — the alveoli — as well as the 
bronchi and vessels, is always finally established. 

The ulcer cavity {caver na ulcerosa) may rapidly increase in 
size by hepatization, coalescence, and softening of adjacent alveoli, or 
it enlarges through development at the junction of the healthy lung 
tissue of a so-called pyogenic, or granulation, membrane 
which secretes more or less pus, and gratlually breaks down by sup- 
puration. The superficial red granulation layer being destroyed, some- 
times under formation and disintegration of tubercles,' so-called rice- 
bodies — corpora oryzoidca — are produced. These are small, whitish- 
gray flocculi composed of necrotic, disintegrated tissue. At the same 
time a new, quite dense layer may develop in the periphery as the result 
of new round-celled proliferation and vascularization, only the adjacent 
alveoli being involved, the rest of the lung tissue remaining temporarily 
healthy. This is a very chronic process, which may persist for years, 
often be arrested, and sometimes become circumscribed, scar tissue 
taking the place of the granulation tissue (cavities with smooth wall). 

By combination of all these processes the most varied and often 
most puzzling changes are produced in the lungs in chronic phthisis. 
In many cases, therefore, it is often impossible, macroscopicly, to deter- 
mine whether a caseous nodule corresponds to a tubercle or a bronchus. 



Pig. 228. — Tuberculosis, Horizontal sec- 
tion through the tuberculous lower Inbi <>t 
the rights lung of a 2-year-old child. «, 
caseous focus in the region of the anterior 
border ; b, nontuberculous posterior border : 
c, transverse section of bronchus; rf, cf', 
caseated lymph-glands; c, pulmonary vein; 
/, point of adhesion of the zfein c with the 
b>nf»h-gland rfi; g, tubercle in the lymph- 
vessels of the lung parenchyma; h. peri- 
arterial, i, peribronchial, k, perivenous, tu- 
bercles; I, lymph-vessel tubercles of the 
pleura ; m, tubercle in the connective tissue 
the hilus of the lung. X 3. (Ziegler.) 
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While new destruction occurs in the neighborhood of cavities and 
enormous and irregularly shaped cavities often develop by coalescence 
of the ulcerations, slaty pigmented indurations and thickenings, with 
obliteration of the aerated parenchyma, are generally associated with 
the chronic bronchitic affections, as a result of chronic interstitial 
proliferations. This produces the slaty induration (induratio 
pigmentosa) so frequently observed. 

In large cavities the arteries resist the ulceration longest. The 
veins very early become thrombosed and then are destroyed by the 
advancing ulceration. The arteries, on the other hand, often remain 
relatively intact even when all the surrounding parts have disintegrated, 
the strong media (inuscularis), composed of smooth muscle-cells, longest 
resisting the processes associated with caseation. The arteries then form 
cords radiating from the hilus of the lung and running through the 
center or upon the surface of the ulcerated cavity; finally, these also 
are involved in the disintegration, and not infrequently they are de- 
stroyed before the vessel-lumen has been occluded by a firm thrombus. 
Then fatal hemoptysis generally occurs f rom the larger ves- 
sels. Small hemorrhages from erosion of the smaller vessels are not, 
as a rule, fatal; indeed, they may frequently recur. After ulcerative 
destruction of larger arterial vessels, if the hemorrhage has not been 
fatal, the stumps often remain visible for a long time upon the surface 
of that side of the cavity toward the hilus of the lung. This is an 
important diagnostic point in deciding whether a cavity originated by 
ulceration or not. 

In almost all cases of chronic pulmonary consumption, old and 
fresh pleuritic alterations occur, principally exudative proc- 
esvses, which result in the formation of adhesions. When, as is 
often the case, these frequently recur in loco, adhesions of very variable 
thickness (1 cm. or more) and quite characteristic, almost cartilaginous, 
hardness gradually develop and sometimes undergo calcification: pleu- 
ritis callosa. 

Chronic pulmonary phthisis, therefore, develops essentially from 
affections of the bronchi. A characteristic feature is that, with 
few exceptions, the process begins in the apices of the lungs 
and from there extends more or less slowly downward. If it is desired 
to learn how the process began and advanced, it is necessary always to 
examine the youngest, hence generally the lowest, diseased zones. In 
localities where ulceration has already occurred, it is possible only in 
rare instances to obtain a clear conception of the nature and course of 
the process. 
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The question whether the Bacillus tuberculosis alone is responsible for the 
symptoms observed in patients with pulmonary tuberculosis or whether these symp- 
toms are not mainly due to an associated, more or less chronic infection or 
septicemia caused chiefly by pyogenic or other cocci is an important one. Bacterio- 
logic examination of the contents of the cavities post mortem, or of the walls of the 
cavities, is open to the objection that the bacterial flora may have gained access 
during or shortly after death. Investigation of the pulmonary juices extracted by 
puncture during life has been used, but is not free from objections. Finally, bac- 
teriologic examination of the circulating blood has often been made in tuber- 
culous subjects. According to BadueM combining the results of all these methods 
of investigation, 25 authors have found streptococci in tuberculosis, 23 have found 
staphylococci, and 15 have found Fraenkel’s diplococcus or some closely related 
bacterium. Some authors attribute the majority of the symptoms observed in pul- 
monary tuberculosis to these secondary infections, which, they claim, convert 
tuberculosis into phthisis or chronic septicemia. Others adhere to the view that 
Koch’s bacillus and its toxins can produce all the signs and symptoms unaided, 
the former thus upholding the “duality,” the latter the “unity,” of phthisis. Accord- 
ing to the “dualists,” most of the symptoms (fever, hemoptysis, emaciation, sweating, 
gastric and nervous disturbances) and the spread of the tuberculosis in the lungs 
are mainly due to the associated cocci. Thus, association of the Bacillus tuber- 
culosis with streptococci produces a rapidly progressive type of pulmonary phthisis, 
with much destruction of lung-tissue; diplococcic infection leads to the production 
of the bronchopneimionic type of phthisis, and, in particular, to the occurrence 
of hemoptysis; staphylococcic infection, to a more slowly advancing type of phthisis, 
with lesions mainly at the apex. Baduel has taken blood-cultures from 42 patients 
with not too advanced pulmonary tuberculosis at various periods in the evolution of 
their disease. He was unable to find the Bacillus tuberculosis in their blood. In 
35 out of the 42 patients he cultivated Fraenkel’s diplococcus from the circulating 
blood ; in 7 the bloo*d appeared sterile ; in addition Staphylococcus pyogenes albus 
was grown in 2 of the 35 cases, and a streptococcus in 2 more. In a further series 
of 3 patients with chronic pulmonary tuberculosis, coming into hospital with 
miliary tuberculosis, this author was able to isolate the diplococcus from the cir- 
culating blood. 

Tuberculosis of the digestive tract i.s limited principally to the 
small and large Intestine, Tuberculosis of the stomach occurs, but 
is rare, and consists only in the development of a few small ulcers. 
Tuberculosis of the esophagus is still rarer. On the other hand, 
tuberculous affections of the tongue are more frequent, not only 
at the base (see p. 454), but also in the middle and anterior portions, 
chiefly at the margins, less often upon the upper surface (dorsum). 

In intestinal tuberculosis: enterophthisis tuberculosa, 
large ulcers develop from lenticular ulcers (see p. 444) by progressive 
new formation and disintegration of tubercles. As a rule, these have 
a tendency to spread at right angles to the long axis of the intestinal 
lumen, in the direction of the lymph-vessels, and often to form more 
<^r less annular ulcers: ulccra annularia, 

i^R^The Med. Chron., March, 1910, p. 389. 
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If tuberculous intestinal ulcers are very numerous, they generally 
occur close together, very little unaltered mucosa remaining between 
them. With further advance of ulceration, the tendency to the forma- 
tion of annular ulcers is usually still quite marked, although gradual 
progression in the direction of the long axis of the intestine also occurs, 
the spaces between the individual ulcers becoming smaller and smaller 
until confluence of numerous adjacent ulcers finally takes place. As 
constantly enlarging ulcer surfaces thus develop and the unaltered mu- 
cosa is more or less encroached upon, often being reduced to small 
islands within the large, flat ulcerations, the annular form of the ulcers 
gradually disappears. These severe forms of tuberculous ulceration are 
generally very early associated with follicular ulcers and abscesses. 



Fig. 229. — Tuberculous intestinal ulcer, a, small follicular ulceration; 
h, large ulcer. (After Ziegler.) 


The coexistent catarrhal secretions (diarrhea) do not 
arise primarily from the ulcerated surfaces, but essentially from the 
uninvolved portions of the intestinal mucosa. 7'he latter is always in 
a state of acute or clironic catarrhal inflammation: acute or chronic 
catarrhal enteritis. 

Partial cicatrization of tuberculous intestinal ulcers is not infre- 
quent; complete cicatrization, however, is rare. Cicatrization is always 
accompanied by narrowing of the lumen, which is sometimes so marked 
as to cause stenoses with their sequelae (dilation of the upper por- 
tion, rarely symptoms of incarceration). 

Ulcerative tuberculous enteritis is almost always associated with 
tuberculous lymphangitis, as a result of thickening of the 
walls of the lymph-vessels and formation of tubercles within them; 
tuberculous lymphadenitis of the mesenteric glands is also usually 
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present. Tubercles of the lymph- vessels are most distinct 
in the subserosa of the intestine, Le., ui)on the outer surface of the 
bowel; they are often arranged in delicate chains, resembling a string 
of pearls. (Fig. 231.) The peritoneum is strongly thickened in this 
locality, most markedly at that point where the process has existed 
longest, i.e,, over the center of the ulcer. The vessels of the serosa are 
frequently very intensely congested in the region of the change. 

Tuberculous intestinal ulcers generally extend only to the submu- 
cosa; in .severe and very chronic cases, however, the muscularis also 


Fig. 230. — Tuberculosis of colon, a, mucosa; b, subniucosa; c, muscularis 
interna; d, muscularis externa; c, serosa; /, solitary follicle; g, cellular infil- 
tration of the mucosa; h, ulcer; h\, submucous focus of softening; t, fresh, 
and, t’l, caseated, tubercle. X 30. (After Ziegler.) 

may be totally destroyed, and with it the siibserosa, the tubercle forma- 
tion in the muscularis following the connective tissue provided with 
lymph-spaces and appearing as small, yellowish-white striae. In this 
case partial adhesive peritonitis usually develops, which may result in 
complete adhesion of adjacent intestinal coils before the serosa is de- 
stroyed. Sometimes, however, perforation and fatal peritonitis occur 
as the result of rapid, even gangrenous, disintegration, including the 
layers of superficial exudate. 

Perforation not infrequently occurs also after adhesion of adjacent 
intestinal coils. In this case, however, perforation does not produce 
fatal peritonitis, but communication with contiguous intestinal coils. 
Often a large number of these free communications are observed in an 
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individual. These severe forms of tuberculous intestinal ulceration in- 
volving the deeper structures are usually early associated with quite 
extensive and often general fibrinous peritonitis which finally causes 
adhesion of all the abdominal organs, sometimes develops insidiously, 
and is not, as a rule, the cause of death, in contradistinction to perfo- 
rating peritonitis occurring suddenly, in which countless micro-organisms 
are simultaneously distributed over the whole peritoneum. 

In chronic adhesive peritonitis the relation of the peritoneal tuber- 
cles to the intestinal ulcers is readily recognizable by the local distribution 
of the tubercles. 

In contrast to this there is a generalized tuberculosis of 
the peritoneum and o in c n t u ni without evidence of inflamma- 
tion, and also a general tuberculous peritonitis. The first 
form is observed as an accompaniment of acute general miliary tuber- 
culosis, or independently of it, in which instance it is imiiossible in every 
case to say from what source infection with tubercle bacilli (dissemina- 
tion) originated. In this condition the tubercles are, as a rule, very minute 
— i,e,, young — and present only slight evidence of retrogression. 

Tuberculous fibrinous peritonitis {peritonitis tuberculosa fibri- 
nosa), which is characterized by the diffuse occurrence of tubercles and 
not by local eruption in the neighborhood of intestinal ulcers, is either 
the result of other tuberculous aflfections within the abdominal or 
thoracic cavity, or it develops as an independent ilisease, the portal of 
entry being unrecognizable. In this process the omentum, which in the 
normal state is freely movable over the intestinal coils and follows all 
movements of the intestine, is always and often first and most intensely 
involved: omentitis tuberculosa chronica. It gradually becomes shorter 
and thicker, being from time to time (with movements of the intestine, 
i,e,, passively) thrown into folds which, owing to the adhesive, fibri- 
nous exudate, stick together and form adhesions. As this process often 
recurs, marked shortening and thickening occur, resulting in the forma- 
tion of a dense, sausage-shaped band which usually lies above the trans- 
verse colon. The sequeke of this tuberculous peritonitis, as regards the 
peritoneum itself, vary greatly according to whether at the same time 
fluid is exuded into the abdominal cavity or not. If no fluid is exuded 
{peritonitis tuberculosa fibrinosa), agglutination and organized adhesion 
of contiguous surfaces rapidly occur, so that the abdominal cavity 
as such disappears within a short time: obliteratio cavi abdominis. On 
the other hand, if fluid is present in the abdomen (peritonitis tuber- 
culosa hydrofibrinosa), various consequences may occur. First, agglu- 
tination and organized adhesion of certain parts of the peritoneum may 
occur in spite of the presence of fluid, especially when the latter is not 



very abundant, so 
that progressive dim- 
inution of the ab- 
dominal space fi- 
nally results ; second, 
the adhesions are 
very few in number, 
and now begins at 
those places which I 
are nonadherent or 
non organized, but 
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gray colored intestinal loops which, on attempt to move or loosen, tears 
everywhere, especially in the region of the strongly thickened serosa up to 
the muscularis. 

The reason why in one case there is abundant exudation of watery 
fluid (ascites) and in the other case none is to be found, in part at 
least, in the state of the omentum (partly also in disturbances in the 
portal circulation). The exudation of watery fluid occurs principally 
from the omentum. Hence, in early obliteration of the omentum the 
exudation of watery fluid sometimes ceases. 



Fig. 232. — Two tubercles in an atrophic omentum. T, tubercle; F, atrophic 
fat lobuli. (Leitz Obj., 1; Ocul, 2. Reduced \i\. After Lanyerhans.) 


Tuberculous peritonitis, unlike purulent peritonitis, is not the direct 
cause of death. As a rule, death occurs only after a protracted period 
as a result of general debility. Hence, these are usually chronic 
processes, which do not progress by one attack {uno ac/u), but by recid- 
ives, often recurring a number of times. With each recidive, in con- 
nection with new eruption of tubercles, fibrin is exuded which, like the 
fibrin first exuded, becomes organized. By increase of these organized 
masses of exudate, progressive thickening and cicatricial contraction of 
the peritoneum result. The tubercles do not disintegrate, but undergo 
gradual retrogression. Hence, tubercles of various size can often be 
seen side by side — ^very young, gray, translucent, and centrally caseated, 
with whitish or whitish-yellow center, when fatty metamorphosis pre- 
dominates, and smaller, more whitish fibrous foci. The caseous masses 
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are probably carried off during retrogression and absorption, principally 
by the giant cells which arfe here very numerous, and partly also the 
fatty material, for the giant cells are often almost entirely filled with 
fat. Finally, in pronouncedly chronic cases only the fibrous metamor- 
phosed parts of the tubercles remain. 

The changes of the pericardium and pleura in tuberculosis (tubercula 
pericardii, tubercula pleurarum) and in tuberculous inflammation {peri- 
carditis tuberculosa fibrinosa and pleuritis tuberculosa fibrinosa) so closely 
resemble the changes described in connection with the peritoneum that the 
latter may be referred to for the general features. It may. however, be 
remarked that, as the omentum cannot co-operate with these surfaces, 
partial adhesion or obliteration usually occurs quite early, especially in the 
pericardium. In other respects recurrences with new eruption of tubercles. 



Fig. 233. — Chronic tuberculous pericarditis. tubercles, caseated at the 
center; f, fibrous bands, enlarged 8 times. (\£tcr Longer lians.) 

formation of new exudates, and metamorphosis or retrogression of the 
older layers of exudate occur in similar manner also in these serous 
membranes. 

It has already been stated (see p, 445) that, in addition to tuber- 
culous inflammation of serous membranes, there also is a tuberculosis of 
serous membranes without inflammatory phenomena. Chronic tubercu- 
losis of serous membranes, however, never occurs without inflam- 
mation. Hence, in tuberculous inflamniaticm there must be a definite 
connection between inflammation and tubercles; at all events, inflam- 
mation is* absent only in fresh eruption of tubercles. In chronic tuber- 
culosis, however, especially on occurrence of retrogressive metamor- 
phosis, inflammation begins in the immediate neighborhood. This can 
he observed also in the lungs and kidneys. Hence, there is no simple 
chronic tuberculosis without inflammation. 

There are, however, cases in which tuberculosis undoubtedly fol- 
lows pre-existing alterations of serous membranes. In these cases, which 
‘ire not rare, but are often difficult to interpret, the inflammatory or 

80 


466 


TUBERCULOSIS. 


subsided affection of the serous membranes is primary and the eruption 
of tubercles secondary: tubercula adhesiomim. There are cases, for 
example, in which death occurs as a result of tuberculous arachnitis, 
although no trace of older tuberculosis can be found anywhere. When 
these persons have previously suffered from a single attack or recurrent 
attacks of inflammation of serous membranes, a perityphlitis or a 
unilateral pleuritis, tubercles are found, in addition to those present in 
the arachnoid, only in those localities where remains of the subsided 





Fig. 234. — Fibrinous hepatization in the vicinity of four tubercles in very 
slight tuberculosis (very small numbers of tubercles in the lungs). Fresh 
section. (Zeiss Apochr., 16; Comp. Ocul, 4. After Langerhans.) 

inflammation still persist, i.c,, within the old adhesions. This shows, 
first, that cryptogenetic tuberculous arachnitis may be hema- 
togenous in origin, and, second, that tubercle bacilli by preference settle 
in localities where some form of nutritive or circulatory disturbances 
has already developed as the result of older processes. These cases, 
however, also permit the conclusion that the tubercle bacilli circulating 
in the blood must have been present everywhere, but that tubercles de- 
veloped only at those points where a greater disposition on the part of 
the tissues (arachnoid) existed or had been produced by old disturb- 
ances (adhesions). 

Tuberculosis of the arachnoid always progresses under the form 
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of tuberculous arachnitis.^ Here, also, it cannot be denied 
that the primary eruption of tubercles occurs perhaps without in- 
.flammatory phenomena, since the first clinic manifestations do not 
appear until about the end of the third week (seldom earlier) after 
injection of tuberculous material into the vessels; the lodgment of the 
bacilli and the first reactive phenomena on the part of the tissues, how- 
ever, must have occurred long before in the interval. There is no doubt, 
however, that inflammatory changes are always demonstrable at necropsy. 
These consist in exudation of watery-fibrinous or fibrinopurulent masses 
in the tissue meshes of the arachnoid (not U])on the free surface). 
Tuberculous arachnitis is often an accom]>animent of a general acute 



Fig. 335. — .Section from king, Fig. 227. /, tubercles. 


miliary tuberculosis, but it occurs also without tliis condition in connec- 
tion with acute or chronic phthisic and tuberculous processes of other 
organs, or, as has already been shown in tuberculosis of serous mem- 
branes, it develops apparently independently of other tuberculous proc- 
esses as a primary disease (cryptogenetic). In these cases also it must be 
assumed that a focus existed .somewhere in the body whence the tubercle 
bacilli became mobile and entered the blood circulation, even though the 
focus cannot be demonstrated in every case — as is frequently rendered 
difficult at the necropsy from consideration for the relatives, 

, a — 

^ Contrary to general opinion, tuberculous meningitis is not rare under two 
years of age. Lafarcinade (Med, Press and Circ., April 19, 1911, p. 414) has col- 
lected over 40 cases in infants under this age. Cases of this nature in suckling 
infants are usually classed as eclamptic or hemiplegic. In the latter form more or 
less complete hemiplegia develops, followed by localized or general convulsions, 
stiffness of the neck, bulging of the fontanelles, exaggerated reflexes, and finally 
coma. In the somnolent form progressive emaciation, instability, and irregularity of 
the pulse; often vomiting and diarrhea, which may lead to an erroneous diagnosis 
of gastroenteritis ; ocular catalepsy, and progressive somnolence culminating in deep 
coma are observed. The disease is always fatal and generally terminates in eight 
to ten days, 
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Tuberculous arachnitis involves the whole arachnoid. Certain locali- 
ties are more involved than others, however, in so far as the tubercles 
are first and easiest recognized there. These localities are the base of 
the brain, and especially the region of the optic chiasm and olfactory 
nerves. Tubercles in the Sylvian fissure, although they are often very 
numerous in this locality, are less distinctly recognizable, because prepa- 
rations must usually first be made, and confusion with other conditions may 
thus readily occur. On the other hand, tubercles in the region of the 
great longitudinal fissure and upon those surfaces of the cerebrum and 
cerebellum which are in contact with the tentorium may easily be 
recognized. 

The smaller the number of tubercles present in the arachnoid, the 
more difficult is the recognition of the inflammatory (infiltrating) exu- 
date. The smaller the tubercles, the more watery-fibrinous is the exu- 
date; the more numerous, larger, and more cloudy (older) the tubercles, 
the more abundant and fibrinopurulent is the exudate. Hence, here also 
the dependence of the exudate upon the development of tubercles becomes 
distinctly manifest. 

In all cases in wdiich this affection is strongly manifest, tubercles 
can be recognized also in the tela chorioides: tuberculous cho- 
roiditis (chorioiditis tuberculosa). Here also are to be found the 
sami^ gradations as in the arachnoid: a few small and numerous larger 
nodules with distinctly cloudy center. In the first case the ventricle 
fluid is always decidedly increased : acute internal hydro- 
cephalus (hydrocephalus acutus internus)^ but not yet cloudy; in 
the second case the hydrocephalus is more intense and the fluid dis- 
tinctly clouded, rich in round cells: acute purulent in- 
ternal hydrocephalus (hydrocephalus acutus internus puru- 
lentus). 

Tuberculous encephalomeningitis ( cnccphalomenifK/itis tubercu- 
losa) follows the pure form of tuberculous arachnitis. In this process 
the brain substance is always involved, as the name indicates. Here 
the process is characterized by the occurrence of somewhat large, 
old, and often confluent caseous foci situated partly in the arachnoid, 
partly in the gray cortical substance, but sometimes, however,* they ex- 
tend also into the white medullary substance. In contradistinction to 
general tuberculous arachnitis, this change always occurs in focal form, 
i.r., locally circumscribed; there may be only one focus or several 
foci. The question which part was first involved — whether the brain 
or meninges — cannot be determined in every case. In those cases, how- 
ever, in which large, coherent, caseous masses are present in the brain, 
it is probable that the tuberculosis of the brain was primary, and that 
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the arachnoid was secondarily involved in the progressive enlargement 
of the caseous masses. This process is usually accompanied by cir- 
cumscribed but very violent inflammatory phenomena and innumerable 
small, punctiform hemorrhages (cnccphalomcninyitis tuberculosa heem^ 
orrhagica), so that partial red softening of the brain sometimes results. 
The old caseous focus then forms the center; in the periphery are seen 
the punctiform hemorrhages, which are sometimes scanty, sometimes 
numerous, and in the arachnoid itself, besides uniform, yellowish cloud- 
ing (exudate), more or less numerous and often very large tubercles. 
These are frequently the largest forms of tubercle observed in the 
arachnoid. 

Only large, conglomerate tubercles, so-called solitary tuber- 
cles, which greatly resemble cascated scrofulous glands, occur in the 



Fig. 236. — Chronic tuberculosis (hiberculous splenomegaly) with formation of 
largo caseous nodules, a, tu a child. Xatural size. (After Ziegler.') 


brain. These so\itary tubercles originate from small beginnings — individ- 
ual tubercles — gradually develop into larger and continually increasing 
nodules by apposition of new tubercles, a soft, gray or grayish-red 
granulation layer developing in the periphery, from which new caseous 
nodules constantly develop and coalesce with the large, older caseous 
focus. This apparently simple solitary tubercle, therefore, is composed 
of a large number of small, submiliary tubercles. The larger nodules 
contain not only caseous material, but also fibrous tissue, and are, there- 
fore, hard. Sometimes the above-described tuberculous encephalomen- 
ingitis follows or develops synchronously with these nodules. Solitary 
tubercles are quite often multiple, especially in children, and sometimes 
are very numerous; they may attain the size of a walnut or larger. 
They often are an accidental finding at necropsy, f.c., they may develop 
finite latent, even in vital parts, in the pons. 
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Tuberculosis of the lymph-glands almost always progresses in 
the form of inflammation : tuberculous lymphadenitis. The 
gland is swollen, soft, moist, reddish, or reddish gray. The tubercles 
may be so closely arranged as to partly coalesce. In chronic cases the 
glands may gradually become firmer as the result of formation of con- 
nective tissue, and the tubercles often show the same retrogressive 
changes as the tubercles in chronic tuberculous peritonitis. 

Harbitz, Weichselbaum, and Bartel have recently shown that the 
tubercle bacillus not infrequently may cause an increase in the lymphocytes 
in the lymph-glands — uc,, a lymphatic hyperplasia — and that in experiment 
animals tubercle bacilli can be demonstrated in such lymph-glands. They 
designate this latent tuberculosis as lymphoid tuberculosis, and assert that 
from this source tuberculosis may subsequently develop in other localities. 



Fig. 237. — Two small tubercles of the liver. The daricer areas, t, cor- 
respond to giant cells filled with fat. Fatty infiltration in the center of the 
acini. (Zeiss Obj., 2; Ocul., 6. After Langerhans.) 

The spleen belongs to the predilection organs of secondary tu- 
berculosis. The true scat of tubercles is the pulp. The latter contains 
either innumerable very small tubercles, esi)ecially ,in acute miliary 
tuberculosis, or only solitary but large conglomerate, hemp-seed or pea- 
sized, rarer larger, caseous nodules; the rest of the spleen tissue is 
always hyperplastic. 

Tubercles of the liver (Figs. 237 and 238) are nearly always sec- 
ondary, and are almost always present in intestinal tuberculosis and in 
general miliary tuberculosis. They are characterized by their minuteness 
(are usually microscopic) and by their slight disposition to retrogression, 
particularly caseous metamorphosis. Tubercles of the bile-ducts are 
an exception to this. They are larger, usually bile-stained, but very much 
less numerous than the true liver tubercles. These may occur in all parts 
of the acini, though they are located chiefly in the peripheral zone, sel- 
domer in the middle, and seldomest in the central zone. Sometimes 
almost all tubercles of a liver contain giant cells (Fig* 238) ; sometimes 
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only isolated tubercles contain them. Occasionally the tubercles are so 
closely arranged that they coalesce and form large nodules: so-called 
conglomerate tubercles. These may vary in size, but rarely 
attain the size of a walnut. Solitary tubercle of the liver and 
gall-bladder is very rare.^ 

In scrofulous subjects ulcerative tuberculosis of the middle car 
(otitis media tuberculosa) is probably the cause of the frequent otorrhea, 
the perforation of the tympanum, and carious destruction of the petrous 
bone. 

In the kidney two forms of tuberculosis must be differ- 



Fig. 238. — Liver tubercle with four giant cells in the peripheral zone of 
an acinus with peripheral fatty infiltration. Fresh section. (Zeiss Apochr., 

16; Comp. Ocul., 8. After Langerhans.) 

entiated, namely, nephrofylithisis tuberculosa ttlccrosa and miliary 
tuberculosis. The latter is always observed in acute general miliary 
tuberculosis; it frequently occurs also in connection with other tuber- 
culous processes, and occasionally constitutes the so-called tuber- 
culous infarcts which are caused by dense eruption of tubercles 
in a wedge-shaped cortical area. All these tubercles, which may be par- 
ticularly abundant in the cortex, where they generally have an almost 
round form — in the medulla, on the contrary, elongated, linear-shaped 
(corresponding to the course of the vessels and .straight urinary tubuli) 
— are always due to inoculation witli tubercle bacilli through the blood- 
channels, f.c., always a secondary (metastatic) phenomenon. The tuber- 
cle bacilli entering the kidney with the blood are taken up by the capil- 


1 Pester Med. Chir. Presse, 1911, No. 25, p. 197. 
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laries of the cortex, medulla, and especially the glomeruli, where they 
are retained or pass the glomeruli, enter the urine, and thus reach the 
medulla : excretion tuberculosis. 

On the other hand, nephrophthisis (Figs. 239 and 240) is a pro- 
nouncedly chronic tuberculosis which slowly ascends from the collecting 
tubules of the medullary pyramids toward the cortical substance. Very 



Fig. 239. — Tuberculosis of the left kidney. Longitudinal section, a, 
smaller; 6, larger caseous nodules; c, softened caseous focus; d, softened 
caseous focus communicating with the renal pelvis, c. natural size. 

After Ziegler,) 

dense eruptions and coalescence of tubercles produce what frequently 
is called tubercular infiltration. Caseation and disintegra- 
tion of such an area result in the formation of a more or less large 
ulceration in the renal calyx, and new, closely arranged groups of tuber- 
cles develop in the adjacent higher area of the kidney (in a direction 
toward the cortex). Tn this manner new formation and disintegration 
finally advance to the surface of the cortex, where further invasion is 
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temporarily arrested by inflammatory thickening of the capsule. Finally, 
however, in some cases the capsule also is involved. This change may 
involve one, several, or all the medullary pyramids, and occurs some- 
times in one, sometimes in both kidneys. It develops either in connec- 
tion with tuberculosis of other organs (especially of the lungs), virulent 
bacilli entering the kidney with the blood-stream and lodging there 
(hematogenous), or rarely as the result of an ascending inflammation 
which may originate in the prostate and seminal vesicles, and extend 
upward through the bladder, 
ureters, renal pelvis, and calices.^ 

Ill this ascending and in the 
descending form the renal 
calices and pelvis, ureter, and 
urinary bladder may be affected in 
the same manner. 

In tuberculosis of tlie vertebne 
the kidney may lie involved by con- 
tinuity ; on the other hand, tuber- 
culous processes of the kidney have 
been known to ulcerate into the 
ducxlenum. Mixed infection {Ba- 
cillus coli, stajihylococci, and strc])- 
tococci) may cause extensive 
destruction. Acute general tuber- 
culosis may develop from renal 
tuberculosis by way of the renal 
vein. 

The character of the urine 
varies according! to the degree of 
involvement of the urinary tract. 

While in the initial stage of renal 
tube tulosis the urine may be clear, 
according to J. Israel blood is present in 25 per cent, of the cases. In 
extensive involvement the urine may contain an abundance of pus, necrotic 
<letritus,*and occasionally blcxul. Tubercle bacilli are not constantly pres- 
ent; often, however, they are so numerous that they are grouped in 

^ Some authorities claim that an ascending form of tuberculosis never occurs. 
The experiments of Bauereisen (Zeitsch. f, Gyiiiik. Urol., Bd. 2, H. 3, 1910) 
seem to support Baumgarten’s descendance theory of urogenital tuberculosis. In- 
traureteral ascending renal tuberculosis probably does not occur in uninterrupted 
now of urine. In marked tuberculosis of the bladder an ascending infection of one 
or both ureters, which finally mav extend to the kidney, may occur by way of the 
lymphatics, Jores (Wien. hlin. Woch., No. 44, 1910) says ascending tuber- 
culosis occurs. Primary tuberculosis of the kidney probably does not occur. 



Fig. 240. — Chronic ascending 
ulcerative caseous tuberculous 
nephrophthisis and chronic ureter- 
itis tu]>erciilosa caseosa gravis, 
(‘-.'j natural si/e. After Longer- 
bans). 
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S-formed, serpentine masses or in tufts which, in stained preparations, 
may be visible to the naked eye. This peculiar grouping of the bacilli is 
an important feature in differentiation from smegma bacilli, which in 
some instances may be mistaken for tubercle bacilli. (See Fig. 241.) 

If genital tuberculosis (seminal vesicles, prostate, epididy- 
mis, uterus, Fallopian tubes) coexists, the process is designated as 
urogenital tuberculosis, which may be primary or secondary to tuber- 
culous alterations of other organs, and is more frequent in males than 
in females. 

Tuberculosis of the bladder and ureters^ occurs most frequently 
in males, chiefly as a concomitant of urogenital tuberculosis (usually 
of the kidney and renal pelvis), but sometimes without genital tuber- 
culosis in connection with tuberculosis of other organs, c.g,, of the lungs. 
The seat of predilection in tuberculosis of the bladder is at the opening 







Fig, 241. — Impression preparation from a culture of tubercle bacillus. 
(After von Jaksch.) 


of the ureter. (See Fig. 242.) In this condition eirtier isolated ulcers 
occur, in the base and periphery of which new nodules sometimes develop, 
or the tuberculous process extends backward from the colliculus seminalis, 
in connection with seminal and prostatic tuberculosis, also descending from 
the kidney to the bladder, causing extensive destruction of the mucous 
membrane of the bladder and ureters. The ulcers enlarge by progressive 
disintegration at the periphery and by coalescence of contiguous ulcers. 
The tuberculous process is usually arrested at the muscularis, this structure 
rarely being involved. In the severe forms the ulcerated surface of the 
urinary bladder is often incrusted with salts, especially triple phosphate. 
A quite active mucous or mucopurulent catarrh is always present. In 
the severe forms of the process the ureters are usually considerably 
thickened. 

Tuberculosis of the prostate is most frequently secondary to tuber- 
culosis of adjacent parts of the urogenital apparatus, 2 but it occurs also 

1 Tuberculosis of the ureters is probably always the result of extension from 
the renal pelvis or bladder. 

2 Von Baumgarten and Kraemer found that tuberculosis of the bladder or 
urethra in guinea-pigs might lead to disease of the prostate, but not of the vas 
deferens, testes, ureters, or kidneys. 
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as a primary affection, often beginning in the center of the organ. The 
occurrence of disseminated nodules and large caseous foci must be dif- 
ferentiated. The former are observed principally as an accompaniment 
of acute general miliary tuberculosis, while caseous tubercu- 
lous prostatitis (prostatitis tuberculosa caseosa) occurs essen- 
tially as a concomitant of urogenital tuberculosis. These usually large 
foci manifest a marked tendency to undergo purulent softening, so that, 
finally, a caseous abscess: prostatitis tube? cnlosa caseosa ulcerosa puru- 
lenta, develops which finally ruptures either into the prostatic urethra, 
the bladder, or the rectum, and sometimes in the form of multiple 
fistulfe. The urethra may be involved throughout. In addition to 
tuberculosis of the prostate, tuberculosis of the seminal vesicles and 
epididymis are usually present. 



Tuberculosis of the seminal vesicles (sSpcrmatocystitis tubercu- 
losa) is an accopipaniment of urogenital tuberculosis. It may I)e pri- 
mary or secondary to tuberculosis of other organs. As a rule, at least 
one epididymis also is afifected. The condition is always a chronic 
process in which the seminal vesicles undergo considerable thickening. 
On incision the lumen is found completely filled with caseous masses 
which extend almost to the external surface; sometimes the caseous 
masses are very dry ; sometimes in a state of purulent liquefaction. 
Both seminal vesicles are almost alw^ays affected, though often to an 
unequal degree. 

Of the testes and epididymis, the latter is more frequently af- 
fected with tuberculosis: epididymitis tuberculosa caseosa. The proc- 
ess occurs in childhood as well as in later years, and usually starts in the 
wall of the vas deferens. In the epididymis large caseous foci develop 
accompanied by very considerable swelling. This change also is gen- 
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eraJJy an accompaniment of an extensive urogenital tuberculosis, in the 
absence of which it is seldom observed. In the vas deferens and in the 
tubuJi of the epididymis, the caseous masses, as is always the case in 
tuberculosis of narrow canals, remain in loco and occlude the lumen; 
later, the caseated tubuli in the epididymis coalesce to a coherent, cheesy 
mass. The testis at first remains passive. After prolonged duration and 
extensive caseation of the epididymis, however, •submiliary nodules — 


Fig 243. Fig 244. 



tubcrcula testis — become visible also in the testes, first in the rete testis. 
When the caseous masses in the epididymis soften, they may break 
externally through the skin of the scrotum and thus produce so-called 
seminal fistulse, through which, after a time, fungous granu- 
lations grow forth as fungus benignus. The testis may gradually 
atrophy : atrophia testis. Primary tuberculosis of the testis 
is sometimes observed in small boys, rarely in adults. 

Tubercle bacilli have been found in the seminal tubules and seminal 
vesicles of tuberculous subjects, and tuberculous epididymitis has ex- 
perimentally been produced in rabbits by crushing the testes after injec- 
tion of tuberculous sputum into the abdominal cavity. Tuberculosis of 
the testis has been produced by injection of tubercle bacilli into the vas 
deferens. 
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In the female genital apparatus the Fallopian tubes and uterus are 
most frequently affected, rarely the vagina, vulva, and, in extremely rare 
cases, the ovaries. 

In its course tuberculosis of the Fallopian tubes, salpingitis tuber- 
culosa, possesses a certain resemblance to tuberculosis of the vas deferens 
and seminal tubules; it is not, however, an accompaniment of an ex- 
tensive primary or secondary urogenital tuberculosis, but occurs without 
tuberculosis of the urinary passages. It is usually secondary to pulmo- 
nary or peritoneal tuberculosis, rarely an independent, primary affection. 
Here also are observed the same changes as are always seen in tuber- 
culosis of narrow canals lined wdth mucous membrane (analogous to 
the small bronchi) ; tubercles develop in the mucous membrane and 
caseate and disintegrate; new eruptions of tubercles, which undergo 
the same changes, take place in the base of the ulcers ; the lumen becomes 
completely occluded, and at the same time a portion of the tube or the 
whole tube is distended. In many cases large sacs entirely filled with 
caseous material develop and give rise to extensive adhesions to the 
neighboring parts. Sometimes purulent softening occurs. The abdom- 
inal as well as the uterine ostium is usually soon occluded. If occlusion 
of the ostia does not occur, the process may extend to the peritoneum 
and uterus. In the latter case tuberculosis of the endometrium of the 
body of the uterus : tuberculous endometritis, occurs sec- 
ondarily to the tubal affection. This is the usual course. While the 
tuberculosis may be primary in the uterus and secondarily involve the 
tubes, this is not the rule, but the exception. In the uterus either small 
tuberculous ulcers or very severe caseous ulceration extending over 
almost all the mucous membrane arc observed. In this case the tuber- 
cles are often so closely arranged that the individual nodules cannot be 
differentiated wi^h the naked eye. 

In addition disseminated, nondisintegrated nodules are sometimes 
found in the uterus as well as in the lubes, in which the chronic affection 
is generally bilateral. 

In tuberculosis of the mammary gland an intracanalicular granula- 
tion tissue is produced which gradually causes narrowing and obliteration 
of the lumina of the excretory ducts : obliterating tuberculous 
mastitis. The granulation tissue usually is limited to the immediate 
neighborhood of the lobuli and excretory ducts. The epithelium is com- 
paratively resistant, manifests slight tendency to proliferation, and rarely 
if ever forms giant cells. It is found as cell-detritus mixed with lympho- 
cytes, granulation cells, and fibrin in the lumina of the ducts, and an 
^'idhesion of the surfaces deprived of epithelium occurs. ^ Finally, large 
nreas of the glandular tissue of the mamma are transformed into tuber- 
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culous granulation tissue with a tendency to necrosis, the former structure 
being recognizable only by special staining for elastin. 

Tuberculosis of the salivary glands, including the pancreas, is re- 
peatedly observed, most frequently in acute miliary tuberculosis. As a 
rule, it is scarcely or not at all visible to the naked eye. In small children 
extensive caseation and even softening of the caseous masses are said to 
have occurred in a few cases. 

Tuberculosis of the thyroid gland has thus far been observed only 
in the form of disseminated, submiliary nodules as an accompaniment 
of other tuberculous processes. 

In tuberculosis of the voluntary skeletal musculature: myositis 
tuberculosa, the process is essentially a tuberculosis of the connective 
tissue of the musculature. The latter is only passively involved, in that 
it dies by retrogressive metamorphosis. It generally occurs as the result 
of extension from local alterations of adjacent organs, especially of bones 
and joints {e.g., in gravitation or burrowing abscess), and sometimes of 
the mucous membranes {cuj., of the tongue). The striated musculature, 
therefore, behaves in tuberculosis similar to the smooth musculature, 
which also is essentially passive. As a metastatic affection muscle tuber- 
culosis has only very rarely been observed in connection with other tuber- 
culous processes, especially of the lungs. 

Tuberculosis of the tendon sheaths is rarely an independent 
affection, and as such is most frequently observed in .the forearm. On 
the other hand, tuberculosis of the tendon sheaths in connection with 
fungous articular inflammations is a quite frequent affection, which 
essentially progresses under the form of fungous or fungous-purulent 
inflammation : iendovagmitis tuberculosa fungosa sive tuberculosa puru- 
lenta. 

The f a s c i a s behave like the tendon-sheaths. * 

The synovial bursec also may be secondarily involved as a 
result of extension of a tuberculous affection of neighboring tissues, 
especially of the joints : bursitis tuberculosa. 

In the nerves also tuberculosis is observed only as the result 
of extension of tuberculous processes from neighboring part^ to the 
connective-tissue sheaths — the perineurium and neurilemma. 

Tuberculosis of the suprarenal capsules is a quite frequent affec- 
tion which is often observed^ in morbus addisonii (bronzed-skin 
disease, melctsma suprarenale, suprarenal capsular disease, supra- 
renal cachexia, Addison’s disease), and is, therefore, said to be 
the etiologic ^ctor in this affection. As, however, Addison’s disease 

t According to Lewin, in 74 per cent. 
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occurs also independently of tuberculosis of the suprarenals and, vice 
vers^L, tuberculosis of the suprarenals without Addison's disease, the 
relation has not as yet been sufficiently elucidated. As a rule, the 
process is characterized by the formation of large, thick, caseous nodules 
in the suprarenals which manifest no disposition to disintegrate. Dis- 
seminated miliary tuberculosis of the suprarenals is much rarer than 
caseation of larger areas. Occasionally the whole organ may be trans- 
formed into a dense, cretaceous mass, or into a cavity containing a 
creamy fluid. 

Tuberculosis of the bones be- 
gins in the medullary portion of the 
spongiosa and usually progresses as 
osteomyelitis tuberculosa, rarer as sim- 
ple tuberculosis. l*oints of ])rcdilec- 
tion are the articular surfaces of the 
long tubular bones and of the vertc- 
bne; in children, sometimes the bones 
of the skull. In tuberculous osteo- 
myelitis each tubercle is surrounded 
by a red inflammatory zone. As a 
result of this the yellow fatty marrow 
is transformed into red, inllammatory, 
lymphoid bone-marrow. The primar- 
ily small, light-gray tubercles grow 
larger, caseate, coalesce, and, finally, 
fill the small medullary spaces of the 
si)ongiosa. With this is always asso- 
ciated an inflammatory irritation 
of the periosteum which, in the 
tubular bones, leads to deposition of 
new osseous lamellae, i.c., to swelling 
of the bone, and in the vertebne some- 
times results in purulent periostitis. 

The latter, in the caseous as well 
as in tKe purulent form, may give rise to p r e v e r t e b r a 1 ab- 
c e s s , the so-called congestion, or gravitation, abscess 
(psoitis). With further advance of the process the compact 
bone substance in the interior of the bone is transformed either into 
a soft tissue infiltrated with tubercles; tuberculous ostitis, 

what is more frequent, the osseous trabeculae — the bone tissue in- 
closed by caseous material — die, just as the lung tissue dies in caseous 
fiepatization. In the vertebrae the osseous trabeculae are destroyed and 



Fig. 245. — Pott’s disease. Kypho- 
sis of dorsal vertebrae, the result of 
caseous tuberculous periostitis and 
ostetunyclitis. Destruction of three 
thoracic vertebrje. Two-thirds nat- 
ural size, (.\ftcr Langerhans.) 
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disappear by carionecrosis interna. In the neighborhood of the necrotic 
masses a reactive inflammation develops which, in small and more cen- 
trally located parts, results in a dense connective-tissue capsule; in 
larger and more superficially located foci, on the other hand, an active 
suppuration develops which generally breaks externally, either into the 
joint or through the external skin. In the first instance arthrocace 
develops ; in the second a fistula is produced through which all 
caseous and necrotic parts may be discharged, so that, finally, vesic- 
ular cavities {spina vcntosa) develop. The common termination 
of vertebral tuberculosis is kyphosis. (See Fig, 245.) 

Tuberculosis of the joints is either a primary affection manifesting 
a great tendency to involve the contiguous bones, or secondary to tuber- 
culous affection of the bone. In some cases in which tuberculous joint 
and bone affections coexist, it can scarcely be decided whether the joint 
or the bone was primarily affected. If the tuberculosis starts in the 
joint, the synovialis is always first affected: tuberculous syno- 
vitis. From this point the process extends to the ligaments, the joint 
capsule, cartilage, bone, and the adjacent soft parts. A characteristic 
feature of this joint tuberculosis is the formation of so-called fun- 
gous masses: arthritis func/osa; these are soft, fungoid, usually 
very moist, gray- or grayish- red masses which consist essentially of 
granulation tissue. Typic tubercles, usually in small numbers, are 
found in these masses, often as punctiform, small, cloudy spots. These 
masses are sometimes focally, sometimes diffusely, caseated and disin- 
tegrated: arthritis fungosa cascosa. As at the same time the cartilage 
is destroyed by fibrillation of the basement substance and new fungous 
masses develop, a picture often difficult to interpret is produced. 

In many cases suppuration is frequently added to these fungous 
processes : arthritis fungosa purulcnta. In this event extensive destruc- 
tion of the ligaments and joint cartilage occurs, so that finally these may 
entirely disappear and the bone be denuded of cartilage. In connection 
with the simple fungous or caseous, as well as in the purulent, form, 
gravitation abscesses with rupture externally and subsequent 
formation of fistulous tracts occur; the latter are more or less 
long, and usually quite narrow channels lined with granulation tissue, 
which manifest little tendency to heal. New bone masses develop in the 
neighborhood as a result of stimulation of the periosteum, 
which may cause considerable swelling of the joint. In favorable cases 
the termination of the process is ankylosis. The position the 
bones then assume in relation to each other depends upon the extent 
of the antecedent destruction and the degree of the resulting cicatricial 
shortening in the neighborhood. 
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Tuberculous inflammations of the joints are chiefly affections of 
childhood and usually attack the larger joints. In many cases tuber- 
culous affections of the skin, glands, mucous membranes, and seldom 
of the lungs, precede. Sometimes fungous arthritis is the first visible 
and demonstrable indication of a tuberculous affection. These cases 
often give relatively the best prognosis. 

A genuine tuberculosis of the skin, in which typic tubercles are 
formed, is almost never observed, except at the margins of mucous 
membranes by extension of tuberculous ulcers of the mucous mem- 
branes to the skin. The process induced by tubercle bacilli is called 



Fig. 246. — Spina ventosa. {Sheffield.) 


lupus (wolf). Most forms of lupus begin with swelling due to pro- 
liferation in the cutis. In luf>iis fibrosus simple infiainmatory thick- 
enings develop; in lupus granulans or cellulosus, cellular proliferations 
ni the form of granulation masses. Both forms result in the formation 
nodules: lupus tuberosus. Later, the surface may become smooth: 
btpHs Iccvts; sometimes’ it is soft and intensely reddened: lupus hyper- 
^yophiens or tumidus. Sometimes the swelling begins as small, red, quite 
^^at spots: lupus maculosus; sometimes more in the form of papules: 
upus papulosus; sometimes more as genuine nodules: lupus tuberosus, 
n the last instance the nodules remain separate and are quite large, even 
he size of a walnut. The surface is covered with small, desquamated 
pidermis scales: lupus exfoHatus, or is exceedingly thin, glistening, and 
t^ry susceptible to injury. 
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The proliferative process begins in the surface of the cutis and 
generally extends in depth through the whole cutis, sometimes into 
the subcutaneous adipose tissue and even to the bones. On the other 
hand, it may advance to the mucous membrane of the nose and mouth, 
and there form nodules consisting of proliferated connective tissue. 

In the skin flat ulcers develop which become covered with crusts, 
beneath which the process — the destruction of the granulation tissue — 
advances farther in depth, resulting in the formation of deep ulcera- 




Fig. 247. — Lupus of the skin from region of the kne^, showing atypic 
epithelial proliferation, a, corium converted into tuberculous granulation 
tissue; b, epidermis; c, epithelial papillae; d, tubercles. X 50. (After 
Ziegler,) 

tions: lupus vorax, exedens. Sometimes healing by cicatrization with 
retraction occurs : lupus non exedens, esthiomene. Usually, however, the 
process creeps farther: lupus serpiginosus, and, under partial strongly 
retractive cicatrization, results in terrible deformities, contractions, dis- 
tortions, and disfigurements of the face, extremities, etc. 

Lupus erythematosus most nearly approaches tubercle formation. 
Very small granulations which form bright-red, smooth, itching spots, 
but not nodules, and which, without ulceration by disintegration of the 
granulations, are transformed into whitish, scar-like thickenings, develop 
in the cutis. 
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The principal seat of lupus is the face, the region of the nose, 
cheeks, and forehead. Generally there is but one focus which spreads 
peripherally. The neighboring lymph-glands (submental and submaxil- 
lary) are usually swollen, but contain no tubercles. Lupus is always a 
local affection unaccompanied by general symptoms, and attacks pref- 
erably young females. 

Actinomycosis. 

The fungus of actinomycosis: actinomyccs ( cladothrix) , first 
(lescribad in animals by Rollinger, in 1878. and subsequently studied in 
man by Israel, Ponfick, and especially by Bostrom, consists of a dense 



Fig. 248.— Actinomyces hominis (lung). X 350. {Lenharts- Brooks.) 

network of fine,«partly branching threads which, in man, cattle, horses, 
and swine, is surrounded by elongated, club-shaped, glistening bodies 
arranged in radiate manner ( hence, ray-fungus). These large, 
refractive, clubbed forms have not been observed in pure cultures thus 
far obtained, but they reappear when actinomycosis is experimentally 
produced in animals by inoculation with the pure cultures. It is a very 
remarkable fact that the virulent pure cultures do not always consist 
of threads {mycelium) , but only of short rods (bacilli). Recent inves- 
tigations have shown that the fungi described by Israel and Bostrom, 
at first regarded as identic, are two different species. The Bostrom 
M^ecies {Streptothrix actinomyccs) is essentially aerobic, forms a 
nmltiple branching reticulum, and is not transmissible to animals. The 
Wolf-Israel species is chiefly anaerobic and pathogenic for ani- 
mals. Descriptions given by Bruns seem to indicate that there probably 
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are more than two species. Berestneff says there are forty different 
species which can be cultivated from straw.^ 

Actinomycosis, produced by the ray-fungus, is a quite frequent 
affection of cattle, which occasionally is transmitted to man. Cattle 
probably receive the fungus with their food (hay, beards of grain), 
for the maxillary bones (a myelogenous and periosteal form is distin- 
guished ) and tongue (wooden-tongue) are the most frequent 
seats of the disease. More or less dense, sarcomatoid tumors, in which 
small, yellowish granules, the size of a grain of sand, can readily be 



Fig. 249. — Actinomyces drusen in sputum. X 350. 


recognized with the naked eye, develop in these localities. These gran- 
ules can easily be pressed out upon the cut surface of the growth, and 
are composed of actinomyces ‘‘rays.'’ Within the body these ray-fungus 
granules are surrounded by round or so-called epithelioid cells and giant 
cells, and beyond these by dense fibrous connective tissue. Actinomyces 
tumors grow slowly, and in the jaw give rise partly to intense swelling, 
partly to complete disappearance of the bone, causing very marked 
deformities (lumpy-jaw). The process may occur also in the intes- 
tinal canal, lungs, liver, and other internal organs. In many cases amyloid 
degeneration is present. 

In man, actinomyces infection assumes more the tyj^e of a 


iZeit. f. Hyg., xxix, 1898; Mitnch. med. Woch„ 1899, p. 1256. 
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suppuration. The process begins most frequently -in the oral 
cavity from carious teeth, causing board-hard infiltration in the lower 
maxilla, in the region of the angle, and spreading peripherally in the form 
of purulent f i s t u 1 ae and gravitation abscesses, e,g., as prevertebral 
gravitation abscess. The disease may penetrate the bones at the base 
of the skull and cause actinomycotic meningitis and encephalitis- Not 
rarely the affection begins in the respiratory passages, producing fetid 
bronchitis, peribronchitis, and bronchopneumonic foci, as well as puru- 
lent and sometimes also serous pleuritis and peripleuritis, pericarditis, 
and mediastinal processes. From here the process usually attacks the 
thoracic wall; in some cases, however, the affection appears to start 
from the ribs. In other instances it occurs as a local cutaneous affec- 



Fig, 250.— Same as Fig. 249; greater magnification. X 700. 

lion, slight injuries of the skin forming the starting point of the disease, 
especially when .foreign bodies, such as splinters of wood, barley beards, 
straw, etc., containing the fungi have penetrated the skin. Occasionally 
the process develops in the abdominal cavity, in which case ulceration 
and rupture into the intestine and appearance of actinomyces pits in the 
Stools may occur. The disease may occur also primarily jn the vulva, 
esophagus, stomach, or intestine (and appendix: appendicitis actinomy- 
cotica) /a,nd extend from there to the internal organs: liver, spleen, 
kidneys, ovaries, etc. General metastases, due to venous thrombosis and 
dislodgment of infected emboli, are rare. 

The pus of actinomyces is characterized by the presence of small, 
yellow, sand-grain to poppy-seed sized granules, usually of caseous con- 
sistency, composed of fatty degenerated pus-cells and actinomyces “rays.*' 
MtltuiH loot, or mycetoma, an affection resembling actinomy- 
cosis and due to the Streptothrix madurcPy occurs in India, China, Egypt, 
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North stnd South America, etc. It frequently attacks the foot, which 
swells considerably. The process has its seat in the subcutaneous adi- 
pose tissue, in the musculature, and in the bone; develops slowly and 
appears in the form of granulation nodules which undergo purulent soft- 
ening and abscess formation, resulting in a fetid state with fistulse and 
induration. From the fistulae is discharged offensive pus which contains 
brown to blackish, fish-roe or shot-like granules. The granules contain 
the pathogenic agent in the form of densely intertwined threads radiately 
arranged at the periphery ; a club-shaped swelling at the extremities of 
the peripheral threads, as in actinomyces, is lacking. TIistologicly, the 
granulation nodules simulate those of actinomycosis; in the periphery 
of the fungus is a deposit of ferruginous pigment. 

Sporotrichosis. 

Sporotrichosis is a subacute or chronic ulcerative, more commonly 
nodular, usually painless, afebrile affection caused by one or more species 
of sporotricha {Sporoirichum schenkii, s, dori, s, de beurmani). In 
most cases the skin and subcutaneous cellular tissues are affected, but 
the muscles, bones, and joints, the mucous membranes of the nose, fauces, 
tonsils, and larynx, and occasionally the conjunctivse and epididymis may 
be involved. The malady was described first by Schenk, ^ and later fully 
worked out by De Beurmann and Gougerot.^ While the process may 
begin insidiously and the point of entry of the fungus undiscoverable, 
it generally originates in connection with trauma. 

De Beurmann divides cutaneous sporotrichosis into three forms, 
as follows: — 

1. With multiple disseminated subcutaneous gummatous foci; 

2. With large multiple subcutaneous abscesses (Dor), and 

3. Nodular gummatous sporotrichotic lymphangitis. 

1. In the first form a few nodules appear upon various parts of the 
body, which may be palpated by the fingers, but cannot be perceived by 
the eye. Gradually they attain a diameter of from 2 to 3 cm., the 
larger ones assuming a red-violet or brownish-blue color, and fluctuating 
consistency. The number of nodules varies ; there may be from twenty 
to thirty up to one hundred or more. At first they are limited to certain 
regions ; soon, however, they spread over the entire body. Some of the 
nodules soften and burst; others remain soft without undergoing dis- 
integration. The nodules pass through the various changes up to soft- 
ening in from five to six weeks. Sometimes the skin over the nodules 
is destroyed. On bursting or after incision they evacuate a watery, 

1 Johns Hopkins Hosp. Bull., 1898, p. 286. 

2 Ann. d. derm., 1906; also The Post-Graduate, Sept., 1910, p. 925. 
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slightly viscid, sand-like, seropurulent, or serosanious fluid. The edges 
of the ulcers thus formed are flaccid and undermined ; the base is discol- 
ored. The ulceration spreads evidently under the influence oi inocula- 
tion of the edges by the sporotricha. Sometimes fistulous passages 
develop. The lymph-glands may or may not be enlarged, rarely become 
painful, and do not ulcerate. 

2. The second form has thus far been observed only by Dor,i and 
is characterized by the formation of multiple abscesses, some of which 
may be very large and contain 500 grams of pus. 

3. The nodular gummatous lyniphangitic form of sporotrichosis 
generally originates from an injury. The initial lesion takes the form of 
an ulcer — so-called sporo trie h otic chancre — beginning either 
as a pustule which bursts and ulcerates, or as an ulcer which extends 
and assumes various forms. From this point nodules develop, follow- 
ing the course of the lymph-vessels centripetally, spreading to distant 
regions of the body. Between the tumors indurated lymph cords of 
uniform consistency can be felt, which also here and there become soft- 
ened and pass through the same phases as the nodules. 

Although the affection, particularly the third form, usually pursues 
a benign and afebrile course with no general manifestations, the dis- 
seminated form sometimes is associated with symptoms of an acute 
general infection (spo rot riche mi a), and occasionally terminates 
in death, especially in debilitated subjects. 

Histologicly, the nodules present the structure of tuberculous and 
syphilitic granulomata. The central portions consist of epithelioid cells, 
among which are scattered large and small groups of polymorphonuclear 
leucocytes and also giant cells. The epidermis and papillary stratum are 
unaltered. 

The fungur-, of which De Beurmann distinguishes three varieties — 
alpha, beta, and gamma — has thus far not been found in the tissues, 
fluid, or pus from the lesions in man, but can be obtained from the pus 
by culture upon various culture media. Microscopicly, the fungus 
consists of straight and curved, slightly intertwined mycelia separated 
into segments of from 40 to 50 micra in length, and from 3 to 4 micra 
in width. The oval spores are either free or adherent to the mycelia 
by short hyphse. 

Cultures. — Upon agar there appears, after about six days, a deli- 
cate, slightly raised, whitish, dull opalescent or faintly blue-tinged growth 
surrounded by a fine radiately striated zone. After another four to six 
days the colony attains a diameter of from 5 to 6 mm., and the central 
portions look like a map in relief surrounded by a border of delicate 


1 Presse m^dicale, April 14, 1906. 
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white rays. Still later the color becomes dark to black-brown. Oti 
glycerin-agar the dark color occurs later, and after a few generations 
the culture remains white. According to De Beurmann, if the growth 
be again transplanted upon glucose-agar it regains its former darker 
color. The pigment is diffusely contained in the spores and is insoluble 
in alcohol, ether, acetone, chloroform, and mineral acids, and is free from 
iron. (Stein.) Dryness, addition of sugar, admission of light and air 
favor its development. 

Inoculation of animals of various species, especially rats, with 
culture products gives, in many cases, a pathologic picture identic with 
that of sporotrichosis of the skin. Similarly to glanders inoculation in 
guinea-pigs, rats invariably show upon injection into the peritoneal 
cavity a pronounced pathognomonic inflammation of the seminal cord, 
testes, and epididymis. The scrotum in many cases ruptures, and the 
animal perishes from the effects of the inoculation. At necropsy all 
organs: liver, lungs, kidneys, bones, etc., are found to contain virulent 
tuberculoid foci. Rats spontaneously suffer from sporotrichosis. 

Saline suspensions of the spores are a g g 1 u t i n a t e d by the 
serum of patients one year after recovery in dilution of 1 : 500 to 1 :800. 

Streptothrix asteroides is a fungus isolated by Eppinger from the 
pus of a cerebral abscess. 

Anthrax. 

Anthrax, or malignant pustule {charbon, fumnculus malignus), 
was the first infection proved to be of bacterial origin. It is principally 
an affection of cattle, sheep, deer, etc., rarely in the horse and swine, due 
to a specific micro-organism — the anthrax bacillus. In animals the 
bacillus enters the intestine with the food, produces intestinal anthrax, 
and then invades the blood, in which it was first observed by Pollender, 
in 1849. The disease is comparatively rarely transmitted to man. Great 
epidemics in man are unknown; it always occurs sporadicly. Appar- 
ently, the danger of transmission from man to man is slight. Those 
persons who come in contact with animals affected with anthrax, espe- 
cially the fresh flesh (cattlemen, veterinary surgeons, butchers, etc.), 
hides, wool, and hair (tanners, furriers, upholsterers, etc.), are most 
frequently attacked. 

The pathogenic micro-organism {Bacillus anthracis, Pol- 
lender and Davaine, 1849-50), first cultivated and accurately studied by 
R. Koch, in 1876-78, is a comparatively large, nonmotile bacillus. (See 
Plate VI, Fig. 5.) It develops at from 16° to 45° C. (60.8° to 113° F.), 
best at 37® C. (98.6° F.), requires a free supply of oxygen, and forms very 
permanent and resistant spores outside the animal body. The ba- 
cilli are often joined end-to-end in the form of a chain. In stained 
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specimens, and occasionally also in unstained preparations, a clear space 
can be seen at the point of union of the segments, due to cupping of the 
extremities of the rods. In the dry state the spores may remain virulent 
for years. The bacilli stain readily with all the ordinary aniline dyes. 
According to Koch, this bacillus is a saprophyte and only occasionally 
enters the human or animal body as a ''facultative parasite.’’ The 
development is not dependent upon the human or animal organism. 

In susceptible animals the bacilli are found principally in the blood, 
the spleen, and exudations. In man, also, the blood-vessels and adja- 
cent tissues are especially characterized by the presence of large numbers 



Fig. 251. — Colony of anthrax bacilli, slightly magnified. (After Fliigge.) 


of the bacilli. The bacilli are not taken up by the colorless blood-cor- 
puscles (leucocyies). 

Transmission of the bacilli by insects (biting flies, etc.) is very 
probable in animals. In man infection takes place by way of almost all 
surfaces, especially the skin of the neck, face, and hands (often through 
insignificant excoriations which are eavSily overlooked^, the small and 
large intestine, and not rarely through the respiratory tract ("wool- 
sorteris’ disease”). 

The phenomena of infection begin after a variable, but usually short, 
period of incubation, and not infrequently even after a few hours. In 
the majority of cases a carbuncle — a gangrenous nodule of the skin 
—develops. A distinction is made between the ordinary, simple, pri- 
>i'»ary carbuncle located at the point of infection or inoculation, and the 
secondary foci which may form at various points in the skin after gen- 
eral infection with septic character. 
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The local infection generally begins by the formation of a small, 
red, itching spot with a blackish, punctiform center. This swells to a 
papule and becomes painful; the swelling increases and a wheal with a 
vesicular elevation about the size of a lentil develops. This contains 
at first a clear, later a dark-red, hemorrhagic material : pustula maligna, 
anthrax pock. After abrasion or rupture, the excoriated surface 
dries and forms a blackish scab.. The surrounding parts become edem- 
atous and intensely hyperemic. In the immediate neighborhood of the 
scab new vesicles develop which undergo the same changes. At the 
same time the hemorrhagic-edematous infiltration extends to the deeper 
parts, and forms a more or less dense nodule, which gradually dies — 
becomes necrotic. While desiccation takes place upon the surface, dis- 
integration occurs in the deeper structures. The gangrenous nodule — 
sphacelus — may become limited and be cast off by a dissecting suppura- 
tion, leaving an ordinary wound surface which cicatrizes by granulation. 
In other cases the process spreads and involves a larger area. Phe- 
nomena of severe general sepsis are usually present. Sometimes the 
local affection is very slight, while the general phenomena assume an 
extremely violent and threatening character. Death sometimes occurs 
within twelve hours after infection, but, as a rule, not until after the 
second day. 

If the anthrax bacilli enter the body from the intestine, severe 
gastrointestinal symptoms develop, which are due to local hemorrhagic 
sloughing of the mucosa of the small intestine and partly also of the 
large intestine. The lentil- to bean- sized hemorrhagic foci usually have 
a discolored center. In the periphery the mucosa and submucosa are 
the seat of intense edematous and hemorrhagic infiltration. 

In infection through the air passages, edematous and hemorrhagic 
inflammations of the lung also occur, which are geiKrally associated 
with hemorrhagic pleuritis. The thoracic lymph-glands are swollen, 
hemorrhagic, and very succulent. 

In all cases of anthrax infection the tendency to hemorrhage is very 
pronounced, and in almost all cases the adjacent lymph-glands are greatly 
enlarged, edematous, and the seat of hemorrhagic infiltration. 

The spleen^ is usually swollen, sometimes greatly, but occasionally 
only to a remarkably slight degree. 

Glanders. 

Glanders, malleus (farcy, equinia^), is an infectious disease 
occurring in whole-hoofed animals, which is communicable to man and 

1 The disease receives its name ^'splenic fever^' (Milzbrand) from the 
intense tumefaction and consequent friability of the spleen in animals. 

2 Lat. : equus: a horse. 
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is due to the presence of the Bacillus mallei — a slender rod similar to, 
though somewhat shorter and thicker than, the tubercle bacillus. As 
branching forms of this micro-organism have been observed, some 
authorities class it with the streptothrixiae. 

The bacillus of glanders (see Plate VT, Fig. 6), discovered 
and described by Loftier and Schiitz ( 1882), grows between 25® to 42® C. 
(77® to 107.6° F.). It belongs to the facultative anaerobic fungi, is non- 
motile, and probably forms spores. Tem])eratures of 55° C. ( 131° F. ) and 
over kill cultures of it in ten minutes. The bacillus of glanders does not 
occur in the blood, but, on the other hand, is frectuently located in the 
lymph-channels. In the tissues the bacilli generally are isolated, rarely 
in pairs or grouj)s, and are seen free between the cells, but often also 
within them. 

Glanders of man reproduces glanders in horses. Glanders attacks 
those persons who come in contact with horses, particularly coachmen, 
veterinarians, hostlers, etc. In man, the points of entrance of the bacilli 
are the unprotected portions of the body, especially the head, including 
the nasal mucosa and conjunctiva, and the upper extremities, generally 
through cutaneous abrasions. After a periorl of incubation lasting for 
from three to five days, an erysipelatous swelling develops at the point 
of inoculation, which becomes covered with vesicles, grows dark red, 
and advances to gangrene {erysipelas gangreenosum) or suppu- 
ration. This local affection may heal with the occurrence of febrile 
phenomena and local recidives, wdiich diminish in intensity. Generally, 
however, the period of eruption of true glanders follows an inter- 
mediate febrile stadium which is ushered in by chill. The further 
course is sometimes acute, sometimes chronic, in character. In 
acute glanders, vesicular and pustular exanthemata, phlegmonous 
inflammation of the subcutis, muscle abscesses, and the characteristic 
glanders nodules in the mucosa of the nose, larynx, trachea, and bronchi 
appear, accompanied by increasing pyrexia of a typhoid character. With 
increase of the fever and gradual loss of strength, death follows from 
exhaustion in from three days to four weeks. Lymphangitis and lym- 
phadenitis, from which genuine metastases originate, generally occur at 
tbe primary focus of infection. The metastases manifest a disposition 
to infect the neighboring tissues. In addition to mucopurulent, some- 
times hemorrhagic, discharges (hence, “snot,” RotzL the peculiar 
glanders nodules develop in the nasal mucosa. These are small, 
jdieric, yellowish, pinhead-sized swellings which have an intensely red 
ireola and possess a certain resemblance to pustules. The latter do not, 
-'Hvever, contain pus, but a quite dry, amorphous, cloudy, whitish or 
} ellowish-white material. These nodules suppurate, burst, and leave a 
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quite deep, crater-like ulcer with sharply defined margins. By cru|>^ 
tion and ulceration of new nodules, large ulcerated surfaces with ser- 
rated and excavated edges are produced. This ulceration of the nasal 
mucosa is generally associated with an erysipelatous swelling of the whole 
nose and neighboring parts: the eyelids, etc. A severe conjunctivitis, 
resulting in agglutination of the eyelids, occurs. Sometimes large areas 
of the nose are completely destroyed within a short period of time. (See 
Fig. 252.) 

Formation of glanders, nodules, and abscesses occurs in the internal 
organs, especially in the lungs, kidneys, spleen, lymph-glands, and testes, 
and rarer in the liver, joints, and serous membranes. 

In chronic glanders, or farcy, nodules of marked density 
form, which persist for a long time. These are often arranged in wreath 
or vermicular form, and by ulceration often produce deep, sinuous ulcers, 
which heal with difficulty. Chronic glanders begins and progresses in- 


b 



Fig. 252. — Glanders nodule of the left lower turbinate bone of a hostler 
aged 39 years, a, glanders nodule; b, hyperemic-hemorrhagic areola in the 
vicinity of the glanders nodule. Natural size. (After Langerhans.) 


sidiously. Remissions sometimes occur; nevertheless, the prognosis is 
not much more favorable than in the acute form. 

Foot and Mouth Disease. 

Foot and mouth disease, an infectious process occurring in 
cattle, may be transmitted to man. In the human subject it occurs in 
the form of an intense glossitis and vesicular stomatitis. The causative 
agent, which is unknown, is present in the contents of the vesicles and 
must be very minute, since the virus can be removed only by filtration 
through very dense filters. In children, ingestion of milk from infected 
cows is followed by febrile digestive disturbances and the above-men- 
tioned vesicular stomatitis (cheilitis, glossitis). Infection niay occur 
also in adults. 

Tetanus. 

By spasms (spasmi, convulsiones) is understood muscular con- 
tractions of unusual intensity and violence. These motoric ex- 
cesses are always referable to disturbances in the nervous apparatus. 
There are to be distinguished persistent, continuous muscular contraction, 
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or spasmi tonici, and short, repeated contractions : spasmi clonici, or true 
convulsions. To the tonic spasms belong tetanus and trismus 
(tetanus of masseters). Tetanus is characterized by long-continued 
contractions with momentary intervals. 

Tetanus can be experimentally produced in animals by inoculation 
with the bacillus of traumatic tetanus^ (lockjaw, tris- 
mus), discovered by Nicolaier, in 1884, and cultivated by Kitasato, in 
1889. This bacillus is a large, slender, actively motile, strictly anaerobic 
rod with polar spores. (See Fig. 253.) It can be found in earth and 
dust. No characteristic organic lesions are found in m a n after death. 
Rigor mortis, however, is unusually persistent. In inoculated animals 



Fig. 253. — Bacillus tetani. X 1000. (After Frdnkel and Pfeiffer.) 

which have died^of tetanus, the bacillus is found only at the point of 
inoculation.2 This quite clearly demonstrates the toxic action, which 
i'' exerted principally upon the nervous system. The filtrate of bouillon 
cultures of the bacilli acts upon guinea-pig.s the same as the bacilli. 

Erysipelas. 

The 'pathogenic micro-organism of erysipelas'^ (St. 
Anthony’s fire, wildfire, rose) is the Strclyfococcus crysip- 
discovered by Fehleisen and Koch (1881). It is a small, non- 
motile, facultative aerobic coccus, arranged in chain form, which is found 
the human body partly within and partly betw^ecn the cells. When 

* 2 A state is produced also with strychnine. 

Quite recently it is said to have been found also in the blood and internal 
^■Kans of animals. (Centralblatt f. Bakt., etc., Orig., Bd. xlix, p. 583,) 

3 €pv$p9t « red ; rAXa = skin. 
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this micrococcus gains admission to wound surfaces, or enters through 
some small epithelial defect in the apparently intact skin, it produces in 
these parts a violent inflammatory swelling of the true skin accompanied 
by intense fever and grave general phenomena : intense edem- 
atous and slight cellular infiltration. The inflamma- 
tory edema is often so intense that the epidermis of the cutis is raised 
in vesicles: erysipelas vesiculosum, or huUosum, In rarer cases gan- 



Fig. 254. — Ectogenous streptococcus infection. Eczema and erysipelas of 
the scalp in a child 1 month old. (Bacteria carmine stain.) a, cutis; h, sub- 
cutis ; r, lymph-vessels filled with streptococci, surrounded by an inflammatory 
area; d, epithelial covering; e, f, elevated horny layer; g, streptococci. 

X SO. (Ziegler,) 

grene of the affected parts occurs: erysipelas gangrernosum. The most 
frequent seat of erysipelas is the head: erysipelas faciei. In hairy parts 
the hairs may become loosened from the root-sheaths and the hair-bulb 
be lifted from the papillae as the result of edematous swelling. Then, 
as a rule, after the subsidence of the inflammatory phenomena, defluvium 
capillorum occurs. Upon the head, erysipelas very frequently begins in 
tbe neighborhood of the nose (usually in connection with a coryza), 
gradually spreads from this point, and sometimes extends slowly over 
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tlie whole head, the older portions healing. This extension is often more 
flistinctly manifest in erysipelas of the extremities: erysipelas migrans 
(wandering erysipelas), and ceases only at the junction of 
the extremities with the trunk. Facial erysipelas seldom ex- 
tends to the neck. The lymph-glands belonging to the affected area are 
always swollen. A suppurative, phlegmonous, or gangrenous inflamma- 
tion of the subcutis is sometimes associated with erysipelas {erysipelas 
phlcgmonodcs, gangrevnosum) ^ especially when the patients have already 
suffered severely from the erysipelas. Reduction of the swellings and 
decline of the fever usually occur within one or two weeks. The fever 
generally begins with the appearance of local alterations, though it may 
precede or follow these. In unfavorable cases, death occurs as the result 
of the continued pyrexia {through action upon the musculature of the 
heart), or from complications: purulent meningitis, bronchitis, pneu- 
monia, pericarditis and pleuritis, hemorrhagic nephritis, etc. In the 
mucous membranes inflammatory edema occurs, which, in part, at least, 
is due to other causes. On the other hand, erysipelas may extend to the 
pharynx and larynx, and cause edema of the glottis, which 
usually very quickly causes death : laryngitis crysipelatodcs, oedema 
glottidis crysipelatodcs. 

Gonorrhea (Blennorrhea) . 

The pathogenic micro-organism of gonorrhea, or, vulgarly, 
clap, is the gonococcus, discovered by Neisser, in 1879. It invariably 
occurs in diplo coccus form. It is distinguished from other cocci 
by the fact that the apposed surfaces are flattened. (See Plate VII, 
big. 1.) It is always found in the gonorrheal secretion, partly inclosed in 
cells (leucocytes or pus-corpuscles), partly upon the epithelium, partly 
free. In culture's it very quickly perishes. Media made with human 
blood-serum are best adapted to their growth. 

Gonorrhea is an acute inflammation of the male and female urethra 
and of the female genital canal, especially of the cervix uteri, which is 
generally associated with purulent secretions. In these localities the 
gonococcus is found not only in the epithelium, but also in the super- 
ficial layers of the mucous membrane, which is densely infiltrated with 
round cells. 

In the male urethra the inflammation is first confined to the ante- 
rior section — the pars cavernosa urctbrcc, but gradually extends to the 
posterior portion — the pars mcmbranacca and prostatica, and the sinus 
prostaticus. When the inflammation is very intense and of long dura- 
tion, or irritating injections have been used, ulcerations develop, 
which, by retraction, form cicatrices and terminate in the much-dreaded 
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strictures. In very protracted cases, a noninfectious catarrh some- 
times persists after the virulent stadium has passed and gonococci have 
disappeared. In this case the mucous membrane appears thickened and 
finely granular. The strictures are narrowings of the lumen which are 
sometimes confined to a limited area, especially the pars membranacea; 
but occasionally they extend throughout almost the whole urethra. In 
the latter instance the mucous membrane is atrophic, quite smooth, and 
in many places fibrous and cicatrized. Occasionally the cicatricial con- 
traction is so considerable that the urine can be voided only in drops. 
In general, gonorrheal affections of the urethra are comparatively harm- 
less. Under certain conditions, however, the gonococcus may cause 
alterations which render prognosis decidedly unfavorable (septicemia, 
peritonitis). 

As in all infectious diseases, individual differences occur also in 
gonorrhea. In many patients the process remains confined to the mu- 
cous membrane of the urethra; in others, further disorders very soon 
appear, the catarrh, which is usually purulent, rapidly extending to the 
passages lined with mucous membrane : through the seminal vesicles and 
vas deferens to the epididymis and even to the tunica vaginalis propria 
of the testes (periorchitis); furthermore, through the excretory 
ducts of the prostate to the glandular ducts of the prostate itself, occa- 
sionally also to the mucous membrane of the bladder, etc. Spermato- 
cystitis, epididymitis, prostatitis, acute gonorrheal 
catarrhal cystitis, etc., occur, all of which arc characterized 
by a violent course and great disposition to recidives. Sometimes 
periurethritis is associated with the urethritis, as the result 
of extension of the process to the deeper parts. Here, as well as in the 
prostate, large abscesses, which may rupture externally or into the 
urethra, not infrequently develop. In many cases complications are 
probably the result of mixed infection. 

In the female the acute catarrhal process may spread to the vagina, 
the cervix and corpus uteri, and the Fallopian tubes (colpitis, 
endometritis, gonorrheal salpingitis), and even produce 
chronic perimetritis. The process is sometimes confined to the cervix 
uteri and vagina; in other cases the cervic endometritis and colpitis 
are decidedly obstinate. In chronic cases indurations occur in the 
mucous membrane of the uterus and vagina, which result in smooth 
atrophy (colpitis lewis). In this condition the vagina assumes a 
hard, smooth, leathery consistency, and loses almost all its folds. An 
acute metritis often accompanies the endometritis, which, how- 
ever, is not usually demonstrable post mortem, since the chief symptom-— 
intense uterine hyperemia — disappears with death. Purulent go nor- 
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rheal salpingitis occasionally extends to the peritoneum, and 
produces general purulent peritonitis. 

Transference of gonorrheal virus to the eyes, and true metastases 
are very much to be dreaded. If gonorrheal secretion reaches the con- 
junctiva, a very violent conjunctivitis, with inflammatory 
edema and intense cellular proliferation, develops in less than twenty- 
four hours. At first a thin, watery, later a thick, purulent, exudate is 
secreted in which gonococci can be demonstrated. The danger of 
conjunctivitis blennorrhocica s. gonorrhocica (q.v.) lies in the extension 
of the process to the cornea: purulent keratitis (g.?'.), which 
may appear from the third day onward. In favorable cases a circum- 
scribed purulent infiltration of the cornea develops, which terminates in 
small ulcerations. In the severe form a rapidly progressive suppuration 
with complete destruction of the cornea results. As a rule, mothers 
suffering from gonorrhea infect their offspring during parturition: oph- 
thalmia neonatorum iq^v.). This form of conjunctivitis may be obviated 
by prophylactic measures, or a generally mild conjunctivitis and keratitis, 
with only slight ulcerations, may develop. 

True gonorrheal metastasis^ occurs as so-called muscular or 
articular rheumatism, and consists of acute inflammations of 
the joints (gonorrheal arthritis, g.7'.) and tendon-sheaths (gon- 
orrheal tendovaginitis), in which, as a rule, only a small 
amount of pus is formed. The knee-joint is most often affected (gon- 
orrheal gonitis), and next in frequency the ankle- and wrist- 
joints. Occasionally, however, purulent inflammations develop in 
various joints and tendon-sheaths, and in many internal organs: the 
kidneys, lungs, liver, heart [most frequently as endocarditis (g.7’.), 
rarely as myocarditis or pericarditis], the voluntary skeletal muscles, etc. 
The process then# progresses as acute pyemia and usually ends in death. 

Bubonic Plague (Black Death). 

Bubonic plague is endemic in Asia (Bombay, Ungada, Persia, 
Thibet, West Coast of Arabia, eastern Siberia), and is only occasionally 
imported ’into Europe and other countries. 

The following forms are differentiated: the bubonic or ganglionic, 
which is most frequent; the septicemic, the pneumonic, and the intes- 
hiial. The pneumonic form is most fatal. 

The onset is usually sudden. The principal feature of plague infec- 
tion is regional tumefaction of the lymplytic glands, 

^ Gonorrheal conjunctivitis is said to occur also by metastasis (see Gonorrheal 

‘ '’njunctivitis). 
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most frequently the inguinal and crural glands; next the axillary and 
cervic glands. If the swollen glands are superficial, they produce the 
so-called plague buboes, which may rupture externally. The pus 
from these contains large numbers of the specific bacilli. Swelling of 
the spleen, which is sometimes very marked, and numerous small, puncti- 
form hemorrhages of the skin, mucous and serous membranes accom- 
pany the glandular tumefactions; furthermore, cloudy swelling of the 
internal organs, and sometimes hematuria, rectal hemorrhage, pneu- 
monitis, and, occasionally, pulmonary infarctions occur. 
Carbuncles also develop, most frequently upon the inferior ex- 
tremities, Panophthalmitis, followed by total blindness, may occur 
within twenty-four hours. Keratitis, and meningitis, secondary to the 
pneumonic form, occur. Occasionally bubonic plague is a morbus multi- 
plex, being combined with small-pox, leprosy, small-pox and leprosy, 
chicken-pox and relapsing fever, measles and erysipelas, etc. 

The bacillus of bubonic plague, or Sacillus pcstis, was 
discovered synchronously, in 1894, by Kitasato and Yersin, in Hong 
Kong. In it is a small, short, nonmotile rod, 1.5 to 1.75 /x in length, 
and 0.5 to 0.75 in breadth, with rounded ends, often appearing as a 
diplobacillus or coccobacillus, and not rarely in short chains. No spore 
formation has been observed. It is often found in enormous numbers 
in the affected organs, in the sputa of pneumonic cases, in the blood in 
the septicemic forms, and post mortem in almost all tissues of the body. 
Possibly the urine also contains the bacilli. The intestinal discharges 
are said to be free of bacilli, though this is questionable. The bacilli 
multiply in the lymphatics. 

Transmission occurs most frequently through small cutaneous in- 
juries and through the lungs (inhalation). It may occur also through 
the intestinal canal. Extension of an epidemic is saiej, frequently to be 
favored by vermin, especially rats (also mice). It is believed to be 
transmitted to man by fleas that have infested plague-stricken rats and 
ground squirrels. The Bombay Plague Commission showed that fleas 
from rats dead of plague can transmit plague to rats, guinea-pigs, and 
monkeys, and Liston found the rat flea upon the body of a patient dying 
of plague. In California the ground squirrel has been ptx)ved to be a 
host. 

The Purulent and Putrid Processes and the 
Pyogenic Bacteria. 

In purulent, phlegmonous, and septic processes the 
specific pyogenic micrococci : Staphylococcus pyogenes aureus, 
albus, and citreus, and Streptococcus pyogenes (see Plate VII, Fig. 2), 
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in addition to other still partly unknown species of bacteria, are very 
frequently found. 

St9phylococcus pyogenes aureus is a very small coccus which pro- 
duces grape-like ( — a grape) colonies which, after a time, gen- 
erate an orange-yellow or gold-yellow coloring matter. Staphylococcus 
aureus thrives best at a tem])crature of 37° C. (98.6° F. ) ; it grows also 
in the absence of air, but less luxuriantly, and is very resistant to dry- 
ness. In man it invariably induces suppuration when it gains entrance 
to a wound or is rubbed into the uninjured skin (liair-follicle). In 
animals abscesses are regularly produced by inoculation into the skin; 
by injection into the abdominal cavity, severe purulent peritonitis is 
mostly obtained, and by injection into the blood-current, disseminated 
(metastatic) suppurations are generated in the joints, the heart muscle, 
kidneys, liver, etc. If the cardiac valves or bones are injured before 
injection of the cocci into the blood-vessels, typic malignant ulcerative 
endocarditis, or an acute osteomyelitis, respectively, is produced. 

Purulent inflammations do not always occur; on the contrary, there 
is sometimes no reaction on the part of the tissues. The success of the 
experiment depends upon tlie quantity and virulence of the micrococci 
injected, the state of the tissues (intentional and accidental injuries, 

of the aortic valves, increase the disposition), and also upon the 
nature of the material in vvliich the injected staphylococci are suspended. 
If, for example, metabolic products, with which the pyogenic action 
appears primarily *to be associated, are also injected with the cocci, the 
result is more certain than when the cocci are suspended in pure distilled 
water. The metabolic products alone, like certain chemic substances, 
also may produce su])pu ration without participation of the bacteria. In 
all cases, therefore, the process depends not only upon the presence of 
tile bacteria, but#also upon the accompanying conditions and upon the 
slate or disposition of the tissues. 

Besides the bacterial metabolic products excreted into the surrounding fluids, 
there are present within the bacterial cells chemic (proteid) substances which can 
artilicially be extracted and possess toxic action for man. (See Anaphylaxis, p. 322,) 
Therefore, whenever pathogenic bacteria enter the body two forms of action occur; 
(1) the action of the bacteria per sc: infection; (2) the action of their metabolic 
products, i,e,f chemic substances: intoxication. In some instances the primary 
focus of infection may heal and in spite of this the phenomena of general infection 
develop. It may then be impossible to discover the point of entry of the bacteria; 
the condition is then designated as cryptogenetic septicopyemia. 

Fure cultures of Staphylococcus pyogenes albus and citreus are dis- 
fuiguished from Staphylococcus aureus solely by the fact that the first 
produces no coloring matter, while citreus generates a lemon-yellowi 
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color. Both act very similarly to the Staphylococcus pyogenes aureus, 
but they occur more rarely. 

Streptococcus pyogenes greatly resembles the Strepiococ(;jiS ery- 
sipelatis. It is not improbable that these two micro-organisms are 
identic, and that the suppurations so frequently associated with ery- 
sipelas are caused by the same micrococcus, the latter entering the sub- 
cutaneous adiix)se tissue. Experimental suppurations obtained with the 
Streptococcus pyogenes manifest a great tendency rapidly to 
spread, while suppuration produced by the staphylococcus generally 
remains circumscribed. 

The Streptococcus pyogenes longus is observed in erysipelas, dis- 
seminated suppurations, puerperal fever, septic endocarditis, pneumonia, 
etc. It frequently gives rise to secondary infections, especially in diph- 
theria, in which it often induces fatal sepsis. The unfavorable termination 
in some cases of pulmonary tuberculosis also appears to be due to this 
micro-organism. It has been descril)ed in fatal cases of cholerifonn 
enteritis, and its presence in septic processes occurring in the course of 
scarlatina is well known. The cocci grow readily in all nutrient media, 
forming long and short chains which stain with the ordinary aniline dyes, 
and also by Gramms method. 

The Streptococcus viridans (Schottmiiller) is distinguished from 
Streptococcus longus by its slower growth and the production upon 
blood-agar of blackish-green colonies surrounded by a grass-green areola. 
This coccus not infrequently causes subacute and chronic endocarditis, 
which runs a protracted course and almost always terminates fatally. 

The Streptococcus mucosus (Schottmiiller) is of rare occurrence. 
On agar it forms colorless, slimy colonies, and upon blood-agar a gray- 
green growth. It has been observed in septicemia, peritonitis, otitic 
meningitis, and other suppurative affections. ► 

A strictly anaerobic streptococcus, first described by Kronig and 
recently designated by Schottmiiller as Streptococcus putridus, grows in 
long and frequently twisted chains. The cocci stain with all aniline dyes, 
and also by Gram’s method. The affections caused by it are always 
putrid in character. It has been found in meningitis, putrid endometri- 
tis, salpingitis, otitis media, sepsis with thrombophlebitis, pulmonary 
gangrene, etc. 

In septic processes, especially in puerperal sepsis and 
in metastatic suppurations — the so-called pyemic proc- 
esses in a strict sense — streptococci are most frequently found in the 
purulent foci and in the blood. In furuncles, carbuncles, cerebral 
abscesses, purulent peritonitis, ulcerative endocarditis, and phlegmons, 
staphylococci, as well as streptococci and other bacteria, are found. 
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Under the designations sepsis, septicemia {a‘arruc6% =make putrid; 
al^ = blood), are included a large group of different infections which 
are distinguished in common, not so much by the prominence of the 
locally infected focus as by the predominance of severe general phe- 
nomena. The latter must, in great part, be referred to the direct action 
upon the body of the toxic metabolic products of the most varied and 
still partly unknown bacteria. As a rule, these are decomposition prod- 
ucts closely related to putrefactive substances. These are not, however, 
introduced into the body from without (as are the probably allied sausage 
and cheese poisons, etc.), but are formed within the body itself. There- 
fore, a kind of putrid autointoxication occurs, septic, putrid substances 
being continuoUvSly absorbed from foci of putrefaction.^ Sometimes the 
latter cannot be demonstrated after death. This form of infection occurs 
most frequently in puerperal women: puerperal sepsis, and may 
originate from placental remnants undergoing putrefactive decomposi- 
tion, from thrombophlebitic conditions at the point of placental attach- 
ment, or in the parametrium, and from purulent, diphtheritic, and gan- 
grenous affections of the fresh wound surfaces. It is most closely related 
to intoxication. This is probably the reason why, in the severest cases 
running a very acute course, often nothing characteristic is found at the 
necropsy — not even swelling of the spleen, which is so characteristic of 
infections. All traces of a local focus, c.g., in the uterus, may be absent; 
the countless bacteria in the blood, the unusually rapid appearance of 
decomposition, the peculiar fluid character of the decomjx>sing blood, 
and slight clouding of the extremely flabby organs offer the only clue to 
the processes which took place during life. 

In other cases alterations characteristic of the severe infectious 
diseases are observed, especially great swelling of the spleen, parenchy- 
matous degeneration (albuminous and fatty) of the heart-muscle, liver, 
kidneys, and stomach, and very often, also, in addition to numerous small 
hemorrhages, intense icterus, and sometimes intestinal diphtheria. 

When large local purulent, phlegmonous, or ichorous foci exist, 
similar metastatic foci frequently form in the lungs, joints, myocardium, 
liver, kidneys, intermuscular connective tissue, upon the valves of the 
heart, etc. These cases with metastatic formations by the way of the 
lymphatic channels or blood-vessels (in the latter instance: embolic) 
are often designated as purulent infection or pyemia. By 
this, however, is not meant that the blood has been contaminated by, 

^ Sepsis, called also septic infection, signifies not simple putrefaction, but 
infection with putrid substances, i.e., substances containing bacteria; hence, 
infection with putrid substances is nothing else than infection with bacteria and 
their toxins. It is possible that in the infected parts necrotizing, gangrenous putre- 
factive processes also occur, though this is not necessary. 
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or mixed with, pus as such. As the septicemic and pyemic effects often 
are inseparable in purulent processes, the term septicopyemia^ also is 
employed. 

In septic and pyemic processes, acute decomposition of albu- 
minous substances generally occurs. In consequence of this ty rosin 
is deposited post mortem — after necropsy on contact w^ith the air — upon 
the surface of the organs (most frequently upon the pancreas) in the 
form of countless small, chalk- white points. These are located partly 
upon, partly within, the surface, and, therefore, can only partially be 
rubbed off. They consist of sheaves of minute needles (see Fig. 255), 
which have a brownish-gray color by transmitted light. This is an in- 
terference phenomenon, caused by the rays of light being broken up an 



Fig. 255.— Tyrosin. a, by transmitted light; h, by reflected light. (Zeiss 
Apochr., 4; Comp. Ocul., 4. After Langerhans.) 

innumerable number of times by the densely arranged groups of tyrosin 
needles. By reflected light they are chalk-white. 

• 

Febris Recurrens, Relapsing Fever, Famine Fever, Famine 
Typhus, Typhus Recurrens. 

Recurrent, or relapsing, fever is a general infectious disease, occur- 
ring usually in two, also three, rarely four or five, paroxysms, beginning 
with a chill and attended by high fever. The first paroxysm generally 
lasts for from five to six days, and is followed by an afebrile stadium 
(apyrexia) of about .seven days. Then a second paroxysm begins, which 
is of about the same duration. After a somewhat longer period of 
apyrexia, other paroxysms may follow which, as a rule, are very much 
shorter and of less intensity. Recurrent fever is the first infectious 
disease in man in which a parasite was discovered in the blood* 

1 That is, the coincident occurrence of toxic action and metastatic foci. 
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During the paroxysms there is always found in the blood a spiral- 
shaped, actively motile bacterium (the Spirillum, or Spirochceta, ober-> 
mcieri^) 16 to 40 in length, with from 10 to 20 spiral turns. It is 
^ to 34 as thick as the comma bacillus. (See Fig. 256.) It very quickly 
dies outside of the human body. As far as is known, it does not form 
spores. It has not as yet been artificially cultivated. Recurrent fever 
can be produced in healthy persons and monkeys (Koch, 1879) by inocula- 
tion with blood containing the spirochretje. This has been experimentally 
demonstrated also by the Russian investigators, Muench and Motschut- 
kowski. Metchnikoff even inoculated himself, and five days later he had 
genuine recurrens with several paroxysms, and spirochsetae were found in 
his blood.- No spirochaetae can be demonstraterl in the apyrexial periods. 
In all cases the spleen is enormously enlarged. After every attack 
innumerable spirochaetae are found in the spleen, partly inclosed in cells. 



Fig. 25(). — Spirochaeta obernicieri. (After von Jaksch.) 

Those affected with the disease arc almost always individuals who 
live crowded together in small huts and bad barracks, inmates of prisons, 

Koclv'^ has shown that a disease occurs in east .Africa which ap- 
])ears to be identical with, or, at least, very closely related to, F.uropean 
recurrens. In this African form a species of tick, Ornithodorus moubata, 
which lives in the native huts and in the shelters erected for travelers on 
the caravan routes, conveys the spirochaetse to man. 

When the ornithodorus tick emerges from the ovum it is no larger than the 
head of a pin, flat, gray, roughened externally, and quite actively motile. It sucks 
itself full of blood, sheds after a time, and then has attained double its former size. 
This process is repeated until the animal has grown to about the size of a lentil. It 
is then sexually developed. Mating then takes place, after which the female again 
sucks herself full of blood. She becomes as large as a small bean, then creeps into 


^ Centbl, f. d. med. W’iss., 1873; Berlin, klin. Woch., 1873. 

2 Koch ; Berlin, klin. Woch., 1906, p. 183 ; Post-Graduate, Aug., 1906, p. 770. 
® Ibidem. 
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dry soil, and there deposits her eggs in several clusters, each of which is composed 
of about 40 to 50 eggs. According to Koch, the Ornithodorus moubata is the only 
tick in east Africa infesting man. During the day it lies quite deep in the soil; 
during the night it emerges, creeps to the sleeping person, sucks his blood, and 
then quickly re-enters the soil. 

In general, African recurrens runs the same course as European 
recurrens, with the difference that the paroxysms are of much shorter 
duration. Koch observed as many as 24 paroxysms, but none of them 
lasted longer than three days. A further difference is in the smaller 
number of spirochaetae present in the blood. In other respects the two 
forms resemble each other so closely, both as regards complications and 
sequelae, that, at most, the African type can be regarded only as a 
variety of recurrens. 

Regarding the pathologicoanatomic changes in man in the African 
variety of the disease, nothing is known. In monkeys, however, which 
had died of experimental recurrens, marked enlargement of the spleen 
was quite constant, and splenic infarcts were almost always present. 
Phagocytosis, which is particularly characteristic of European 
recurrens, also was present. 

According to Koch, the spirochasta of African recurrens is somewhat longer 
than those observed in the European form, and consists of a very delicate, quite 
regularly formed spiral, which actively and continuously turns upon its axis and 
makes comparatively little progress. Very frequently two spirochaetae are seen to 
intertwine so closely as to form a spiral of double thickness. Contrary to the 
statements of Schaudinn, Koch and Zettnow were unable to find anything which 
could be interpreted as a blepharoplast, a nucleus, or a marginal flagellum. Zettnow 
did not observe any characteristics «in them which would permit him to conclude 
that they are related to the trypanosomes. He found only transverse, but no 
longitudinal, fission. He observed also that the spirochaeta have at each end a 
small appendage which resembles a flagellum, but differs from the flagella of bac- 
teria in that it stains with methylene-blue. 

Transmission of the spirochaetae: Koch examined, from day to day, a num- 
ber of ticks which had sucked recurrens blood under natural conditions and also 
such which had sucked blood from monkeys affected with recurrens. He found 
that on the first and second day no change occurred as regards the spirochaetae ; they 
did not increase or assume any other form or shape. On the third day they were 
decidedly less numerous; their form, however, remained the same; they sometimes 
disappeared on the third day, but on the fourth day they had entirely disappeared. 
Although he never found them in the stomach after this time, they had not dis- 
appeared from the ticks, for he was able to find considerable numbers in the ovaries, 
often in dense groups and tufts. It must, therefore, be assumed that if they reach 
that far an increase occurs. In smear preparations of the ova of ticks which had 
sucked recurrens blood, spirochaetae were found. Only isolated ticks are infected, 
and not all of their ova, but only a portion — ^about or % — contain the organisms. 
The spirochaetae are found a short time after the ova are laid, at first few and 
isolated; later they gradually come together and form tufts. Where they finally 
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lodge, whether in certain organs, e,g., the salivary glands or in the proboscis, is 
still undecided; nevertheless, the young ticks are infectious after they leave the 
ovum, since, according to Koch, Kudicke, and Dutton and Todd, monkeys have been 
experimentally infected by them.i 

That the disease can be produced through the agency of young ticks unques- 
tionably proves that the tick is the intermediate host of African recurrens and 
conveys the infection from diseased to healthy individuals. 

Infected ticks are found in huts in which there are no recurrens patients, 
although the inhabitants are often bitten by ticks. This can be explained, according 
to Koch, in no other way than that the native is exposed to the infection in early 
childhood. He then recovers from the disease as those persons in temperate 
countries recover from measles, or those in tropic countries recover from malaria. 
Children are thus early rendered more or less immune. It is possible that many 
ticks become infected from children or from persons who have recovered from the 
disease, but still harbor a few spirochactae for a greater or lesser period, perhaps 
for years. It is known that similar conditions exist in various diseases in which 
such an intermediate host plays a role, e.g., in the trypanosome and piroplasma dis- 
eases, partly also in malaria. There is still another possibility, namely, mice and 
rats may serve as hosts. 

As regards the etiology of African recurrent fever, the following 
conclusions may be drawn: — 

Man is infected through the agency of ticks and 
probably chiefly, perhaps solely, through young ticks. 
In the infected districts the disease is contracted in 
childhood, and immunity is thus acquired. The tick 
must become jnfected either from fresh cases or from 
persons who still harbor a few spirochsetae; perhaps 
also from another source. 

Asiatic Cholera. 

The Spirillum, or Jlbrio, cholera: asiaticev, discovered in Egypt, in 
1883, by R. Koch, is accepted as the pathogenic micro-organism of 
Asiatic cholera. It is a quite thick, curved rod, half as long as the tubercle 
bacillus, belonging to the class of spiral-formed bacteria: the so-called 
comma bacillus/' (See Plate VII, Fig. 3.) Frequently two bacilli are 
united in S-form, resembling somewhat the groove of a screw. The 
comma bacillus possesses a flagellum at one extremity, which serves as an 
organ of locomotion. It is feebly resistant to external influence, dies 
quickly at a temperature above 50® C. (122® F.), upon action of acids 
(c,g., hydrochloric acid) and dryness, and is easily overgrown by other, 
especially putrefactive, bacteria. It develops in artificial cultures at a 

1 According to Balfour, Egyptian spirochaetosis differs from the form caused 
by S. duttoni. It is said to be due to 5. berbera and to be conveyed by lice. 



506 


ASIATIC CHOLERA. 


temperature of from 15° to 42°. C. (59° to 107‘" F.), most luxuriantly at 
the temperature of the body. 

The comma bacillus occurs only in the intestine — i.c., in the intes- 
tinal contents, in the cylindric epithelium, and in the superficial layers 
of the mucous membrane. Quite similar bacteria occur also in cholera 
nostras. Therefore, microscopic demonstration of the comma bacillus 
by no means suffices for diagnosis. By pure cultures alone can a decision 
be reached, since pure cultures of the bacteria found in cholera nostras 
differ from those of the so-called comma bacillus. 

All animals appear to be only slightly, or not at all. susceptible to 
cholera asiatica hominis* 

While the mode of infection in cholera has not yet been positively 
determined, it is extremely probable that the virus enters the intestinal 
canal with the food (drinks, especially water) and there exerts its spe- 
cific action. Consequently, the characteristic alterations are connected 
with the intestinal canal. During the period of digestion an ex- 
tremely violent attack of vomiting and purging de- 
velops. As a result the whole digestive tract soon becomes emptied 
of fecal matters, so that only secretions of the mucosa are found in, 
and discharged from, the lumen of the bowel. These secretions consist 
of water (not serum, for albumin is almost totally absent), salts, and 
exfoliated epithelial masses. These, taken collectively, constitute the 
characteristic rice-water stools, in which no bile is 
demonstrable. The bile is not retained, but its secretion is entirely 
suspended. Complete acholia exists. 

The rice-water dejecta sometimes assume the color of meat- 
juice from admixture of blood. Exfoliated epithelial masses (occa- 
sionally whole villi are cast off) are demonstrable only in the fresh 
stools, because they rapidly disintegrate as the result of decomposition. 
The watery portion is derived from the bkx>d. Since enormous amounts 
of water are generally excreted, a gradual thickening of the blood occurs 
as a result of dehydration. Hence, in the cadaver, the blood (in the 
heart) often has a syrupy consistency. The hyperemic, light-red intes- 
tinal mucosa is always intensely swollen and succulent, in certain locali- 
ties infiltrated with cellular growths and more or less deprived of epithe- 
lium. Owing to intense injection of the smaller vessels, the serosa is 
rose-red in color, sometimes slightly bluish red, and has a sticky feel. 
In the cadaver, fat retention in the villi and chyle reten- 
tion in the mesenteric glands are very frequently observed. All the 
follicles of the intestinal mucosa are swollen and occasionally surrounded 
by a strongly hyperemic area. Excavations are often found in the fol- 
licles, as a result of which the Peyer patches sometimes assume a 
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cribriform appearance. This is a purely cadaveric phenomenon, 
which is caused by absorption of water, swelling, and synchronous 
maceration, bursting, and partial emptying of the follicles. 

The second variety of alteration in the cholera bowel is the diph- 
theritic^ process favored by the epithelial defect. This occurs not 
only in the colon, as in dysentery, but often throughout the whole gastro- 
intestinal canal; it is much more extensive, but in certain localities less 
intense than in dysentery. The most severe alterations are found in 
the hemorrhagic form of cholera. In all cases the colon is the most 
markedly involved by the diphtheritic process. The diphtheritic cases, 
however, represent the minority of those ending fatally. In general, 
cholera manifests but a slight disposition to ulcerative processes. The 
localities denuded of epithelium become covered slowly, the epithelial 
repair advancing gradually from the adjacent parts. Parenchymatous 
nephritis, corresponding to the early occurrence of anuria, is very fre- 
quently found at the necropsy; also, hyperemia of the mucosa of the 
renal pelves, of the arachnoid, of the cortic substance of tlie brain, of 
the serous membranes (these, also, are said frequently to have a sticky 
feel), of the uterine mucosa (often hemorrhagic hyperemia: pseudo- 
menstrual condition, e.g., in old women), and, when death occurs at a 
later stage, fatty metamorphosis of the heart and liver, spleen-tumor, 
occasionally bronchitis, pneumonia, erysipelatous and purulent processes, 
etc. Some of these changes belong to the great realm of sequelae, and 
are, therefore, not characteristic of Asiatic cholera. 

The cholera vibrio can be demonstrated in the excreta for a considerable 
period after recovery — for from fifty- five to ninety days. It undergoes in the 
human body biologic and morphologic alterations which cause it to deviate from 
the type of cholera bacillus, and it may lose completely its agglutinability. These 
alterations frequently render it impossible to obtain the vibrio from undoubted 
cholera cases. Their disappearance from the intestinal canal and the alterations 
which they undergo depend in great measure upon the associated flora. If protected 
from air, the vibrios may retain their vitality in the excreta outside the body for 
from seven to nine months. Jf air is admitted they die sooner. As the agglutina- 
bility of the vibrio is very variable, every vibrio obtained from the excreta during 
or at the beginning of an epidemic must be regarded with suspicion, even though 
it does not agglutinate. 

Typhus Abdominalis, Typhoid Fever. 

The pathogenic micro-organism (Eberth-GafFky, 1881-84) of typhus 
abdominalis is a small, slender. Gram-negative bacillus {Bacillus typho- 
sus) having very numerous lateral flagella as organs of locomotion. It 
develops readily upon all culture media in the presence as well as in the 


" 1 Compare p. 526 et seq. 
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absence of air. Under unfavorable conditions so-called ^‘polar gran- 
ules"' (not spores, but probably involution phenomena) form at the 
extremities. It grows best at the temperature of the body. It is quite 
resistant to dryness. The bacillus probably reaches the intestine with 
drinking-water and food (green vegetables, shellfish, milk, etc.), and 
manifests its deleterious action after it has entered the mucous mem- 
brane and the blood. The bacilli arc later found in the intestinal fol- 
licles, mesenteric glands, spleen, kidneys, liver, skin (rose spots), and 
blood, and are excreted with the feces and often in the urine.^ The 
toxins appear to be associated essentially with the bacilli themselves 
f.c., endotoxins. 

The alterations peculiar to typhus abdominalis are connected with 
the follicular apparatus of the intestine. The follicles 



Fig. 257. — Typhoid bacilli (pure culture). (After Schenk.) 

of the small intestine occur partly isolated as the so-called solitary fol- 
licles, partly in groups, i.e., either as smaller or larger so-called Peyer’s 
patches. In the normal state they are only slightly elevated above the 
surface. The Peyer patches are situated opposite the attachment 
of the mesentery, and always have a greater length than diameter (the 
long diameter running parallel to the long axis of the intestine). The 
large Peyer patches are most constantly involved in typhoid, and next 
in order the small patches and solitary follicles. In the large intestine 
only the solitary follicles can become altered, since Peyer^s patches do 
not occur here. 

The usual seat of abdominal typhus is the region in front of and 
behind the valve of Bauhin (ileocecal valve), especially the lower por- 
tion of the ileum (hence, ileotyphus) and the valve of Bauhin, rarer 
the whole small intestine or the large intestine alone (colotyphus). In 

1 The typhoid bacillus is found in the urine in about 25 per cent, of the cases 
and, while it may be detected at the period of eruption of the rose spots, it usually 
is observed in the later stages after defervescence or late convalescence. 
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addition, the vermiform appendix and the mesenteric glands belonging to 
the affected portion of the intestine are invariably involved in the same 
manner. 

The characteristic lesion of abdominal typhus is an intense hyper- 
plasia of the lymph-corpuscles of the follicles and infiltration of the 



Fig. 258. — Typhoid ba* Fig. 259. — Typhoid swelling of 

cilli (spider cells). X 1100 Peyer’s patches and solitary glands 
times. (After Loffler.) of the intestine. (After Green.) 

adjacent tissues with the same type of cells. Various large, round 
cells (endothelia), which usually contain a large nucleus and nucleolus, 
develop. The nucleus as well as the cell body is quite transparent, 
lictween these cells, multinucleated round cells, and sometimes typic 
giant cells, are observed. With the development of these the highest 





Fig. 260. — A, ileum seen from the Fig. 261. — B, ileum in sec- 

surface; a, Peyer^s patches; h, soli- tion; d, medullary swollen 
tary follicle; c, small follicle group; Peycr's patch; b, nonswollen 

d, medullary swelling in a Peyer solitary follicle, 

patch ; Cf medullary swelling of a 
small follicle group ; f, medullary 
swollen solitary follicle. 

^'tadium of medullary proliferation — the acme of the local 
process (second week) — is generally attained. This is the first stage 
typhoid — not an ordinary inflammation, but an enormous accumula- 
tion of large lymph-corpuscles. Small lymphatic tumors thus de- 
^elop which, upon incision, have a medullary, marrowy, reddish- 
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gray (as long as the vessels are strongly injected) or whitish-opaque 
character. Hence, this process is called medullary swelling: 
intumescentia mcdullaris (medullary infiltration). In the 
state of medullary swelling the follicles become much more prominent. 
This is due partly to enlargement of the follicles, partly also to the fact 
that the tissues in tlie neighborhood of the follicles always participate 
in the medullary swelling (extrafollicular swelling), /.r., are altered in 
the same manner as the follicles and coalesce with these into a uniform, 
medullary mass. (See Figs. 260 and 261.) In consequence of this the 
medullary proliferation extends through the whole submucosa to the 
fibrous layer which separates the submucosa from the muscularis. 

Sometimes a whole Peyer patch, sometimes only isolated follicles 
of the patch, are altered in the manner described. In tlie former instance 
the whole patch is transformed into a uniform, medullary mass; the 
Peyer patch then forms an enormously swollen, medullary plaque, which, 



Fig, 262.—/, medullary Fig. 263. — /, follicle; Fig. 264.—/, mediil- 
follicle. </, sphacelus; s, dissec- lary infiltrated margin; 

tion space. u, typhoid ulcer; r, steep 

margin. 

on strong contraction of the intestine, sometimes has a wrinkled surface. 
More often, however, only a portion of a Peyer patch is involved. 

The rest of the mucosa surrounding the follicles is almost invariably 
in the state of catarrhal enteritis. Since irritation of the liver, which 
leads to polycholia, usually coexists, this intestinal catarrh fur- 
nishes the characteristic diarrheal, intensely bile-stainfd, and therefore 
pea-colored typhoid stools. Only in relatively few cases is 
diarrhea entirely absent: typhus siccus. 

When the stadium of medullary swelling has reached its acme, the 
retrogressive stage {stadium dccrcmenti) begins, which may terminate 
in ulceration or resolution. In the first instance the whole 
focus in time becomes somewhat cloudy and assumes a yellowish-white, 
corroded appearance. The alteration is always more marked in the 
central than in the peripheral portions, so that the focus acquires a 
large, central plug (see Fig. 262, g) which gradually becomes more and 
more separated from the surrounding whitish infiltration, in that it grows 
more opaque, dull, dry, and yellow. The yellow material is the dead, 
necrotic part; typhus slough or sphacelus. This at first re- 
mains connected with living parts at its periphery ; later, limitation takes 
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place, a reactive inflammation occurring in the surrounding tissues, as 
in the periphery of all necrotic parts, which limits and loosens the morti- 
fied mass by dissecting suppuration. As a result of the dissection a 
small cleft ( see Fig. 263, is produced, which extends to the immediate 
neighborhood of the fibrous layer. At the same time imbibition of the 
dead part with intestinal contents, especially with bile-coloring matters, 
takes place, so that the slough acquires a yellowish, brownish, or grcen- 



Fig. 2()5. — A typhoid nicer of the intestine. (After Green.) 

ish color. In addition, the surface becomes fissured and gradually soft- 
ened as the result of putrid decomposition. Loosening of the sphacelus 
begins at the surface and a<lvances toward the deeper portions. Finally, 
the slough is completely exfoliated and an ulcer with medul- 
lary infiltrated (see Fig. 264, /), perpendicular (not un- 
dermined) margins (see Fig. 264, r) : ulcus typhosum, is produced. 
The base of this deep, true submucous ulcer {ulcus profundum) is 
usually clean, and* the parallel slriations of the muscularis can be rec- 



Fig. 267— ft medullary fol- 
licle; i, medullary swelling of the 
subserosa; h, line of connection 
along the vessels. (After Longer- 
hans.) 

ognized through the fibrous fascia. The size of the ulcer depends upon 
the number of follicles; several ulcers are often seen in one Peyer’s 
patch, but adjacent mortified follicles always form only one ulcer after 
reparation of the sphaceli. 

If a whole Peyer patch is exfoliated, a large ulcer is produced, the 
’iiargins become relaxed and slightly overhanging (see Fig. 266, r) ; in 
contradistinction to the tuberculous annular ulcer. In the reactive 
process of dissection, the margins and the parts immediately snrround- 
the sphacelus assume a reddened appearance; sometimes hemor- 


Fig. 2f)6.~/(, ulcus depuratum ; 
r, slightly overhanging margins. 
(After Langerhans.) 
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Fig. 268. — Typhoid infantum 
in a 2-year-old boy. a, solitary 
follicle ; h, small agminatcd gland ; 
c, Peyer’s patch. General medul- 
lary infiltration ; no ulceration. 
Natural size. (Langerhans,) 



Fig. 269. — a, f, e, medullary 
swollen follicles ; x, mesenteric 
glands; the shaded are medullary 
swollen, (After Langerhans.) 


rhagic infiltration and extravasation m 
the form of diapedesis occur. If the 
dissecting process extends into the 
depth — into the submucosa — arterial 
and venous vessels in these parts may 
be injured, especially when the typhoid 
slough is forcibly dislodged. If at the 
time of dislodgnient of the slough these 
vessels have not been occluded by throm- 
bosis, severe hemorrhages occur. 

With gradual cleansing by resolution 
and absorption, the ulcer margins be- 
come relaxed and slightly overhanging 
(see Fig. 266, r) ; an nicus dcpuratum 
thus develops which gradually cicatrizes 
— at about the end of the sixth week. 
Cicatrization does not produce any 
marked constriction of the intestinal 
lumen; the cicatrix itself is usually a 
small, white area between the slaty pig- 
mented follicles. 

The medullary swelling sometimes 
extends along the course of the vessels 
through the fibrous' fascia and muscu- 
laris into the submucosa, where it 
.spreads, accompanied by swelling of 
the peritoneum (see Fig. 267) — a proof 
that only the beginning, but not 
the extension, q,{ the affection is 
connected with the follicles. In this 
case a circumscribed peritonitis 
always develops in the serosa. This 
heteroplastic medullary swelling is es- 
pecially dreavled, because sloughing of 
the focus in the subserosa, Le., exfolia- 
tion into the abdominal cavity, results 
in perforation of the intestine and 
general peritonitis. Intestinal per- 
foration may occur also when mortifica- 
tion and ulceration are complicated by 
gangrenous processes ; less often when, 
in addition to typhoid ulcers, recidives 
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occur ; also in consequence of improper nourishment, and, finally, as a re- 
sult of accumulation of gas in the intestines. The last stage of perforation 
is always a lupture, which is produced by a mechanic process (exertion, 
blow). 

According to the statistics of H. Curschmann, based on 577 necrop- 
sies, the location of the ulcers was as follows : — 


Ileum 510 88.39 per cent. 

Cecum (often involving appendix) 247 42.81 

Colon 184 31.89 “ " 

Jejunum 41 7.10 “ 

Rectum 12 2.08 “ “ 


Out of the total number perforation with consecutive peritonitis 
occurred in 13 per cent. Out of 64 cases the site of perforation was : — 


Upper part of ileum 5 

Lower part of ileum 39 

Region of ileocecal valve 7 

Appendix 1 

Colon 11 

Rectum 1 


The stage of medullary swelling is not always followed by morti- 
fication and ulceration; indeed, resolution is more frequent. In 
many cases there is no ulceration: typhus mitior. In children, at the 
age of from 2 to 10 years, who have died of typhus infantum, ulcera- 
tion is almost never found, only medullary swelling (see Fig. 268), and 
even in adults only a small proportion of the medullary-swollen follicles 
undergoes sphacelation; the remainder return to the status quo ante, 
ulceration being avoided by absorption. 

Resolution is jthe more frequent the greater the distance from the 
ileocecal valve, and almost always in the mesenteric glands. In the 
mesenteric glands the medullary swelling, which resembles the swelling 
of the follicles, begins upon the intestinal — the convex — surface, where 
the glands receive the lymph from the intestine. The cortical portion 
is always first involved. (See Fig. 269.) When mortification occurs 
in the lymph-glands, the affected areas possess great resemblance to 
cheese, which condition in the intestine is obscured by imbibition with 
hile-coloring matters, etc. As a rule, only puncta of mortification occur 
iu the lymph-glands. If, however, a large necrotic focus lies imniedi- 
iitoly beneath the surface, as exceptionally is the case, then, as in the 
intestine, rupture externally may take place after dissection, with the 
^lifference only that exfoliation into the abdominal cavity occurs, fol- 
lowed by peritonitis. 

S3 
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These processes in the intestine are always associated with high 
fever, but the latter has no constant relation to the stage and extent of 
the local affection. There is a certain transient connection only between 
the rise of the fever curve and the local eruption. In a few cases fever 
is entirely absent: typhus ambulatorius^ (a typhoid in which the patients 
walk about: ‘'walking typhoid''). Consequently, the whole affection 
should not be referred solely to the local process. 

In addition to the intestinal alterations, changes are always found 
in other organs which indicate that the process is a severe general affec- 
tion. The spleen is principally involved and is always very intensely 
swollen; the pulp-cells are increased in number and the follicles greatly 
enlarged. The spleen becomes markedly friable, is at first hypercmic, 
and later anemic, if the swelling increases greatly. Rupture of the spleen 
occurs more frequently than is clinicly rei'ognized,^ and probably, as in 
intestinal perforation, is caused by muscular effort. 

In fatal cases the necropsy reveals parenchymatous inflammation 
(degeneration) of the myocardium, kidneys, liver, stomach, and, what is 
particularly characteristic of typhoid, of the skeletal musculature. This 
degeneration of the musculature is the cause of the quite frequent hema- 
toma of the rectus abdominis muscle. Furthermore, diffuse 
bronchitis is almost constantly present, and less often pneumonia, which 
occurs rather as a sequela. Follicular ulceration and diphtheritic processes 
are accidental complications. On the other hand, the alterations which 
occur at the margins of the epiglottis and the aryepiglottic ligament are 
wholly similar to the typhoid processes in the intestine. In these localities 
proliferation of the follicles and subsequent necrosis and ulceration occur 
— a process which is usually designated as a form of decubitus. Perichon- 
dritis laryngea profunda and diphtheritic processes in the pharynx, 
larynx, and bronchi are sometimes observed. ** 

Acute hemorrhagic nephritis is a rare complication in typhoid 
fever. In some cases the onset of the disease is marked by this compli- 
cation, the eruption occurring later. 

There is a septicemic form of typhoid fever due to secondary action 
of the streptococcus: streptotyphoid infection. (Vincent.) The sta- 
phylococcus also has been observed in typhoid in cases characterized by 
rubeoliform, scarlatiniform, and polymorphous erythemata. Indeed, 
Senger asserts that relapses in typhoid fever are nothing more than septi- 
cemias, lie claims that the intestinal alterations enable other germs than 
the typhoid bacillus to exert a pernicious influence, which is too often 

iln some cases of “walking typhoid” the temperature is high (104® F.), an<l 
the process frequently pursues a severe course when the patient takes to bed. 

Bryan has collected 29 cases (Ann, of Surg., Nov., 1909). 
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ascribed to a recrudescence of the primary disease. To say the least, this 
theory is in harmony with general pathologic data. 

Endocarditis, usually of the mitral valve, is a rare complication 
which is somewhat more frequent before the fifteenth year than later. 
The condition may be associated wdth myo- or peri- carditis, and usually 
is due to strepto- and staphylo- cocci, rarely to the typhoid bacillus. 

Eberth’s bacillus has been found in spleen abscesses (typhoid), 
purulent pleuritis, pulmonary abscess, peritonitis, and osteomyelitis sec- 
ondary to typhoid. 

According to recent research,* abdominal typhus is wrongly considered to be 
a pathologic and anatomic entity. There are cases which clinicly and etiologicly 
are quite certainly typhoid, but with no anatomic lesions. This being the case, 
the anatomic lesions are not characteristic of typhoid. On the other hand, there 
are cases which clinicly resemhlc typhoid and show, in part, the anatomic 
lesions, hut have no etiologic factors of the disease; c (j., paratyphoid cases, the 
symptoms of which are identic with infection with the Eberth-GafTky bacillus. It 
may be objected that the paratyphoid bacillus is merely a modified form of the 
typhoid bacillus; the cultural characteristics of tliis organism, however, are as 
distinct as those of the Bacillus typhosus or coli Certain cases of meat poisoning 
arc observed which are difticult to differentiate from typhoid. These show an 
organi.sm similar to this group of paratyphoid (especially paratyphoid B), except 
in .some agglutination differences. Inasmuch as the paratyphoid bacillus produces 
anatomic changes which belong partly to sepsis, partly to dysentery, and partly 
to typhoid, so also the organism causing meat poisoning may belong to the typhoid- 
colon group. 

Many so-called* colon diseases clinicly resemble paratyphoid and analornicly 
dysentery, in which the organism found is the Bacillus coli. It would seem, there- 
fore, that, while the Eberth-Gaffky bacillus is the most common etiologic factor, 
abdominal typhoid may be caused by numerous bacteria, namely. Bacillus typhosus, 
Bacillus paratyphosus A and B, and bacteria of meat poisoning, i.c., colon group. 
Coccus infections, acute miliary tuberculosis, or the plague bacillus or one of the 
pyocyancus group njay cause symptoms closely resembling abdominal typhoid. 

The portal of entry is in the gastrointestinal tract, probably also in the 
tonsils. If the latter hypothesis be assumed, the primary symptoms of 
typhoid, which are of a general nature, would be explained. According 
to Hrion and Kayser, in the beginning of the disease the typhoid bacillus 
is found in the blood in 94 per cent, of the cases. It is, therefore, in a 
certain sense a septicemia. From the blood- and lymph- vessels the 
bacilli enter the organs and there produce the well-known foci, deposi- 
tions, local inflammations, metastases, etc. : in the brain, lungs, serous 
membranes, and in the roseola spots of the skin. All organs may be 
nivolved, but especially the lymphatic apparatus, though, as already stated, 
involvement of Peyer’s patches may be absent, particularly in children. 


* Deutsches Arch. f. klin. Med., Ixxxv, p. 552. 
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In the late stages the bacilli are difficult to find in the blood; they dis- 
appear gradually. They then almost always take up their abode in the 
gall-bladder, which they are said to enter through the liver.^ 
Under certain conditions the process may persist in the gall-bladder 
for weeks, months, or even years, the bacilli be discharged with the bile 
into the intestine and appear in the dejecta (“bacilli-carriers’’). 

By the designation “ Bacilli Carriers/* is understood those individuals who, 
although usually manifesting no subjective or objective symptoms of disease, harbor 
typhoid bacilli in their intestine and gall-bladder {cholecystitis typhosa). As already 
stated, the micro-organisms may persist for many years and in some instances even 
for life. Dean reports a case of typhoid cholecystitis of twenty-nine years* dura- 
tion. The bacilli may occur also within gall-stones. 

Of 400 convalescents, Lentz found 13, or 3 per cent., became chronic carriers. 
Linger examined 1700 persons and found 15 carriers, varying in age from 18 months 
to 60 years: 11 had no clinic symptoms either before or after examination, and 
only 4 were found to be chronic carriers. Out of a further 482 cases examined 
during convalescence 11.4 per cent, became chronic carriers. Of 604 convalescents 
examined, Sacquepee found 80 temporary carriers (70, or 11.6 per cent., intestinal, 
and 10, or 1.7 per cent., urinary) ; 6, or I per cent., became chronic carriers. 
Urotropin cured all temporary carriers. Bruckner found 12 carriers out of 316 
persons who had had typhoid some years previously. Semple and Greig found 10 
patients out of 86, or 11.6 per cent, excreting bacilli in the urine or feces for 
periods longer than six weeks after defervescence. Aldridge found 6 out of 190 
men, or 3.1 per cent, excreting the bacilli more than six months after defervescence. 

In the United States there annually occur about 400,000 cases of typhoid fever, 
with a mortality of approximately 10 per cent.2 About 1 in 20 ^fter recovery become 
urinary or intestinal carriers. 

By far the largest number of chronic carriers are females. Children appear 
to form a large proportion of transitory, but only a small proportion of chronic, 
carriers. Forster found that out of 173 chronic carriers who excreted bacilli for 
from one to thirty years after the primary attack 79 per cent, were women, 17 per 
cent, men, and 4 per cent, children.^ This preponderance of female over male 
chronic carriers suggests an analogy to the relative gall-stone incidence in the 
female and male. The question as to whether gall-stones in some cases result 
from typhoid fever or whether the bacilli attach themselves to preformed stones 
is not yet settled. 

It would seem that a preponderant number of contact infections take place 
during the early period of typhoid infection, that is, that the typhoid patient is 
most dangerous during the incubation period. Apart from gall-bladder trouble, 

1 According to Forster, typhoid bacilli are reg:ularly excreted with the biU* 
into the intestine in cases of typhoid. The bacilli which have reached the bile from 
the liver enter the gall-bladder and there multiply. Therefore, it is reasonable to 
assume that the biliary passages are the natural nidus of the typhoid bacillus in 
typhoid-bacilli carriers. From here they are constantly discharged and, according 
to their virulence and varying external conditions, continually find, througlx sub 
sequent infection of healthy individuals, new foci of development and produce nev 
germ carriers. The same holds good also in paratyphoid fever, 

2 Keefer, loc. cit. 

3 J. C G. Ledingham, ^‘Report to the Local Government Board on the Enten^' 
Fever ‘Carrier,* ** Wyman & Sons, l^ndon, 1910. 
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the typhoid carrier apparently is little inconvenienced by his condition. In some 
cases periodic intestinal disturbances have been observed in carriers of the inter- 
mittent type. 

As a rule, the serum of bacilli carriers produces agglutination of the specific 
bacilli in dilution of from 1 to 50 to 1 to 100. About from 2 to 4 per cent, of 
typhoid patients become bacilli carriers (Forster). 

Leucopenia is the rule in uncomplicated typhoid. According to Leydhecker,! 
the average in 11 carriers was 6800 ; 6 had distinct leucopenia (average, 5806), and 
5 showed higher values (average, 7752). 

In the further course of the disease there appear in the body juices 
substances produced by bacterial irritation of the body cells (so-called 
agglutinating and specific bactericidal bodies). The following two phe- 
nomena are dependent upon the action of these specific substances: — 



Pfeiffer’s reaction, bacteriolysis, the rapid disintegration of ty- 
phoid bacilli in the peritoneal cavity of a normal guinea-pig, when the 
bacilli are introduced with the serum of a typhoid-immune animal. 

Asslutination Test, Gruber-Widal Reaction. — When the 
serum of a typhoid-immunized individual, a typhoid patient, or a typhoid 
convalescent is brought into contact with typhoid bacilli, the latter are 
rendered nonmotile and agglutinated. (See Fig. 270.) This agglutinative 
power of the serum may be retained for years and is manifested in very 
high dilutions. 

Antityphoid Vaccination* —In the artificial production of typhoid 
antibodies, three injections of dead typhoid bacilli are given at intervals 
of ten days. The initial injection is 500,000,000 dead bacilli ; the second 
and third injections are 1,000,000,000 each. The vaccine used by the 
United States Army is sterilized at 56° C., a small percentage of disin- 

^ Wien, klin. Rundschau, Jahrg. xxv. No. 25, p. 389. 
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fectant added to insure keeping, and then placed in sealed tubes. Usually 
within three to four hours after injection redness, swelling, soreness, some 
headache, backache, feverishness, and malaise develop. In 36,000 doses 
less than 1 per cent, showed serious reactions. In two-thirds no per- 
sistent reaction was observed. The reaction lasts for from four to forty 
hours. 

In 1908 the British Army vaccinated about 6000 soldiers in India and 
maintained nearly an equal number of unvaccinated men under similar 
conditions. It was found that seven times as many nonvaccinated con- 
tracted typhoid fever and eleven times as many died. Moreover, all but 
four of the vaccinated men who contracted typhoid fever received but 
one dose, while these four had quite mild attacks. As many of the non- 
vaccinated died of the fever as were taken sick among the vaccinated 
individuals. 1 

Up to October 1, 1910, 13,000 officers and men in the United States 
Army had been vaccinated with no bad results in a single case.^ Among 
these, but 5 cases of typhoid fever developed, of wdiich 4 were so mild as 
to raise a doubt as to the correctness of the diagnosis. In the rest of the 
army there were 418 cases, whereas, assuming that the conditions were 
otherwise identic, there should have been, at this rate, 70 cases among 
the vaccinated men, or fourteen times as many as actually occurred." 

According to experiences in the British Army, protection from vacci- 
nation lasts for about from two to three years. 


Paratyphoid Fever. 

Paratyphoid fever, described by Schottmiiller, is an affection clinicly 
and anatomicly resembling typhoid (q^v.), caused by bacilli similar to the 
typhoid bacillus — paratyphoid and metatyphoid bacilli-M)f which there 
are several species. The pathologicoanatomic changes in the lymphatic 
apparatus are not so characteristic, and the prognosis is more favorable 
than in genuine typhoid. Many cases of paratyphoid are nothing more 
than poisoning meat {Bacillus entcritidis) . In dried feces, paratyphoid 
bacilli may retain their vitality for four years. 


^ According to Keefer, only 1 case in 143 has typhoid fever a second time. 

2 According to the N. Y. State Jour, of Med,, 1912, p. 2, in the report of the 
Surgeon-General to the Secretary of War, it is stated that since vaccination, was 
inaugurated and up to July, 1911, 45,680 men had been vaccinated, with only 2 cases 
of typhoid and no deaths. The remainder of the troops who had not been vac- 
cinated had a case incidence of from 0.28 to 3.03 per cent. In the Navy statistics, 
there were 2 deaths among 2752 vaccinated men. 

2 Keefer, The Military Surgeon, March, 1911, p. 290. 
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Colon Bacillus (Bacterium coli commune). 

Colon bacilli are not a sharply defined species of bacteria, but rather 
a group of related bacilli, which may be contrasted with the typhoid 
group. Both groups of bacilli possess many biologic resemblances. The 
typic representative of the colon bacilli, the Bacillus coli communis, 
which occurs in the normal intestinal canal of man and animals, is 
morphologicly indistinguishable from the typhoid bacillus and also is 
Gram-negative. It is, however, somewhat less motile, owing to the small 
number (4 to 6, rarely 12) of flagella. In contradistinction to the typhoid 
bacillus the colon bacillus forms indol (red coloration of bouillon after 
addition of sodium nitrite and sulphuric acid), ferments grape-sugar 
(gas formation), coagulates milk, strongly acidulates litmus milk, and 
decolorizes and produces fluorescence in neutral-red nutrient media, none 
of which effects are produced by the typhoid bacillus. 

When completely desiccated and protected from light, the Bacillus 
coli survives for at least ten days. Experiments seem to indicate^ that 
direct sunlight and marked variations in temperature have a very harmful 
influence, while drying and exposure to diffuse sunlight have much less 
marked effects. 

In many cases of terminal infection, this organism is recovered from 
the blood before death. Hartwich- reports a case of tuberculosis of the 
kidneys, spleen, liver, intestine, and brain in which the colon bacillus was 
found in the sjdnal fluid ten days before death. 

Under certain conditions this bacillus manifests marked pathogenic 
action, which is exerted principally upon the peritoneum, the biliary pas- 
sages, and urinary tract. It may enter the abdominal cavity through 
intestinal pref orations or even pass through the uninjured wall of the 
intestine (c.</., in incarcerated hernia, circulatory disturbances in the wall 
of the intestine from occlusion of the mesenteric vessels, etc.). In these 
cases it is rarely found in pure culture. It may enter the gall-bladder 
and bile-channels either from the intestine or the blood, and in conjunc- 
tion with other bacteria (pyogenic cocci) cause cholangitis, cholecys- 
titis, pyelophlebitis, and consecutive hepatic abscess.'^ In the formation 
of biliacy calculi and appendicitis it plays an important role. It reaches 
the urinary apparatus usually from the genitalia, though infection may 
occur also through the blood; here it excites cystitis (with acid reaction 
of the urine), an ascending catarrh, and severe pyelonephritis. From 
the renal pelvis it enters the renal parenchyma and produces a diffuse 


^ Centralbl. f. Bakt., etc.. Grig. Bd. Hi, Heft 3, p. 326. 

2 Berlin, klin. Woch., May 1, 1911, p. 795. 

2 The colon bacillus may cause a true pyemia with metastatic abscesses. 
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suppurative nephritis. The micro-organism may be found also in bron- 
chopneumonia, meningitis, and other inflammations. 

General infection (coliemia) is comparatively rare in view of the great 
frequency of this micro-organism in local inflammatory processes. In 50 cases 
collected by L. Jacob, ^ the portal of entry is given as follows: — 


Intestine 11 

Bile channels 15 

Urinary tract 13 

Genitalia 9 

Unknown 2 


The bacillus enters the blood less frequently from the bladder than from the 
renal pelvis. It has been found also in traumatic infection, in angina and diphtheria, 
and in meningitis following otitis media in none of which, however, was general 
infection observed. 

Purulent metastasis in general infection also is comparatively infrequent. In 
this respect the observations of Lenhartz and others give the following figures : — 

In 55 cases of staphylococcus sepsis, metastases in 92.7 per cent. 

“ 1()0 “ ‘‘ streptococcus “ “ 35.0 per cent. 

“ 20 “ pneumococcus “ 25.0 per cent. 

“ 49 “ coli “ “ 22.5 per cent. 

The endocardium was most frequently affected (5 cases) ; then the liver and 
kidneys, lungs, meninges, and once the thyroid. 

In comparison with staphylococcus and streptococcus sepsis, the prognosis is 
more favorable, as shown by the following table : — 

Staphylococcus infection 88.2 per cent, mortality 

Streptococcus 83. per cent. “ 

Pneumococcus “ (including pneumonia) ... 51.7 per cent. “ 

Coli 40.5 per cent. 


Bacterium Lactis Aerogenes. 

The Bacterium lactis aerogenes (Escherich) resembles in many respects the 
Bacterium coli commune. It occurs in the form of short, quite thick, nonmotile, 
nonsporulating. Gram-negative bacilli, which not infrequently aVe united in pairs, 
presenting the appearance of a diplococcus. It is constantly present in the feces of 
infants and often in the stools of adults, and occasionally it manifests pathogenic 
properties. Heyse demonstrated it in a case of pneumaturia, and Lenhart* 
observed this bacterium in a protracted case of cystopyelitis occurring in 
the first months of pregnancy. 

Shiga-Kruse Bacillus, Bacillus Dysenteriae. 

The Bacillus dysenteries has been constantly demonstrated in certain cases of 
dysentery by Shiga, Kruse, Flexner, and others. According to Shiga and Kruse, 
this bacterium is a plump, moderately motile. Gram-negative bacillus closely related 
to the typhoid bacillus and bacterium coli, with which it is morphologicly identic. 
This bacterium has been isolated also from the dejecta in summer diarrhea 
of infants. 


1 Deutsch. Arch. f. klin. Med., Bd. xcvii, p. 339, 
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Mediterranean, or Malta, fever, febris undulans, a febrile affec- 
tion characterized chiefly by anemia, constipation, and rheumatoid pains, 
which frequently lead to the incorrect diagnosis of rheumatoid arthritis, 
was first observed in Malta and subsequently in other Mediterranean 
countries, China, India, Africa, West Indies, Brazil, United States, etc. 
It usually lasts for a protracted period (six months to two years), some- 
times causes death, and is clue to a diplococcus, the Micrococcus meli- 
tcnsis (Bruce, 1886). The specific micro-organism is found in the blood 
and spleen, lymphatic glands, and may be present also in the urine. Goats 
also are affected with this fever, and their milk and urine contain the 
micrococcus. The disease very probably is conveyed to man from these 
animals.i The fever is usually of a remittent type, runs a week or two, 
followed by several days of absolute or relative apyrexia, to again return. 

Dengue, or Dandy Fever. 

Dengue is an infectious contagious disease, of unknown etiology, 
closely related to the acute exanthemata, occurring principally in the 
warm regions of Europe, Asia, Africa, and America, and attacking all 
ages and both sexes. According to Scheube,^ the period of incubation is 
most often from one to two days, frequently only a few hours. The 
prodromata are general malaise, dizziness, frequently yawning, gastric 
disturbances, etc. The disease generally begins suddenly with fever, 
usually of the remittent type, which at the acme may reach 42° C. or over 
and sometimes is preceded by chilliness, rarely by distinct chill. These 
symptoms are rapidly followed by violent cephalalgia, myalgia, arthralgia, 
boring pains in the bones (hence, break-bone fever), and a diffuse 
erythematous exanthem (initial exanthem) of brief duration (one 
to twenty-four hours) distributed over a greater or lesser area of the 
body, most marked upon the face, where it may be macular. The skin is 
dry, the face and eyelids swollen, the conjunctivae congested. Photophobia 
and lachrymation and increase of nasal secretion also are present. 
Prostration is sometimes marked. Certain portions of the body may be 
more or less hyperesthetic or anesthetic, and delirium, maniacal paroxysms, 
and, in children, convulsions are not uncommon. The liver is enlarged, 
but not the spleen. Albuminuria is rare. Immediately or several days 
after convalescence from the first stage of the disease, which usually lasts 
about three days, a second exanthem (ter minalexan them) appears, 
principally upon the face, hands, arms, and chest, which, according to 
Scheube, may present manifold characters, resembling the eruption of 

^ The milk of infected cows also conveys the infection. 

2 ‘’Die Krankheiten der Warmen Lander,” 4te Auf. Jena, G. Fischer, 1910, 
p. 42S. 
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measles, scarlatina, or urticaria, or occur in the form of lichen, roseola, 
petechiae, vesicles, blebs, or pustules. The glands of the neck, axillae, and 
groin are sometimes swollen and painful. The duration of the exanthem 
is from several hours to two or three days. 

Complications are pneumonitis, pleuritis, pericarditis, parotitis, 
orchitis, various affections of the eye, and rarely hemorrhages from the 
nose, stomach, bowels, bladder, etc. 

The termination of the disease is usually favorable, except in small 
children, the aged, and in subjects suffering from severe chronic affections. 

Convalescence is often protracted. 

According to Scheube, the disease is conveyed by infected as well as 
by healthy individuals, and also by foniites. 


Influenza, La Grippe. 

Since 1892 the influenza bacillus, discovered by Pfeiffer, 
has been accepted as the pathogenic micro-organism of influenza. It is 
a short rod, with rounded ends, which grows best upon blood-agar at 
the body temperature. (See Plate VJl, Fig. 4. ) 

Influenza, or la grippe, is an epidemic infectious disease which 
usually begins with very violent symptoms. In vigorous individuals it 
generally runs a benign course and assumes a fatal type only in those 
subjects whose resistance has already been reduced by other affections 
or advanced age. When death occurs early, often v^ry little is found 
at the necropsy. Indeed, aside from cloudy swelling, only viscid-mucoid, 
less often mucopurulent inflammation of the air passages and numerous 
minute bronchopneumonic foci, which manifest a marked disposition to 
suppuration, are observed. 

Influenza is characterized by epithelial desquamation and submucous edema; 
clinicly by sudden onset of fever, malaise, mental depression, profuse perspiration, 
and usually great prostration. With recurrent attacks the virulence diminishes. 
The duration of the purulent secretion, the slight tendency to recovery, the rise of 
temperature after slight bodily exertion are then characteristic. In a certain group 
of cases the attack begins with swelling of the tonsils and pharyngeal follicles; 
while this soon subsides, the nose, accessory sinuses, and bronchi are involved. An 
abundant purulent discharge from the nose, violent cough with mucopurulent ex- 
pectoration, and bronchial rales appear. In the nose there is edematous swelling of 
the middle turbinate. The protracted duration of the affection, the marked prostra- 
tion and perspiration often arouse the suspicion of tuberculosis. 

Very severe secondary di.seases of other organs, which often end 
in death even in young and vigorous individuals, quite frequently follow 
influenza. (See Otitis Media.) 

Various forms of dermatitis and eruptions may occur in association 
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with influenza, morbilliform, scarlatiniform, and erysipelatous erup- 
tions; urticarial, papular, and polymorphous erythema; hemorrhagic 
purpura, herpes, pemphigus, suppurative and serous dermatitis, pigment- 
ary changes, etc. 

The Diphtheritic Processes. 

Diphtheritic processes^ occur upon almost all mucous membranes 
and upon wound surfaces. They present certain peculiarities according 
to their location and the anatomic arrangement of the surface involved, 
but they everywhere correspond in their essential features. 

Diphtheria is a superficial mortifying process which always ends 
in ulceration by separation of the dead tissues in the form of a 
true membrane. It is produced by the entrance of micro-organisms 
(Ldffler^s diphtheria bacillus and others) into the superficial tissue 
layers, which become necrotic as the result of the local multiplication 
and spread of these microbes. The whole mortified area is exfoliated 
by a demarkating and dissecting inflammation of the subjacent tissues 
and produces the diphtheritic membrane ( inftammatio mem- 
hranacca). An outward loss of substance, an ulceration with quite 
regular, smooth base, is thus caused. This usually involves only the 
mucosa — not the submucosa — and therefore is a superficial ulcer: ulcus 
sHpcrficialis, The action of the micro-organisms is further expressed 
by the development of intense catarrhal or fibrinous exudative inflam- 
mation in the neighborhood of the true diphtheritic area. In this con- 
nection it should be emphasized that catarrhal states provide an especial 
disposition to diphtheritic infection. It is, therefore, necessary to dis- 
tinguish between a primary catarrh and such as develops as a result of, 
and increases with, diphtheria. 

Since fibrin has-been recognized as the essential constituent of the diphtheritic 
membrane, there can be little doubt that it originates from the serous constituents 

^ in this section only the mortifying and not the exudative fibrinous processes 
will be discussed. Formerly it was customary not to separate the mortifying 
l>r()cesses from the exudative fibrinous processes, but, following the precedent of 
bretonneau, to class them both as diphtheria. Bretonneau, in 1821 , described as 
diphtheria an epidemic disease observed by him. characterized by the formation of 
^>l<in-like membranes upon the mucous membranes of the throat and air passages and 
which usua*lly caused death by suffocation. The same affection was designated by 
ArcUeus as ulcera syriaca. According as affection of the throat or air passages 
predominated, the condition was sometimes called angina maligna, gangrtpnosa, 
'"Scorbutica, sometimes croup, morbus suffocatorius, Garotillo. Bretonneau first 
recognized the identity of these various clinic forms, the common feature in 
''hich was the presence of membranes upon mucous surfaces. Trousseau completed 

clinic description and added the designation malignant diphtheria, 
^ orresponding to the septic form of present-day writers. He regarded diphtheria as 
general infection with pronounced local changes. Although modern research sup- 
ports Bretonneau's view as to the local nature of the affection, the name diphtheria, 
chosen by Trousseau, is today in general use. 
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transuding from the vessels. This abundant transudation of fibrinoplastic substances 
is one of the specific effects of the diphtheria bacillus, which, as the result of 
necrotization of the superficial layers, enters the epithelium. The formation of the 
exudate begins upon the mucous membrane of the pharynx beneath the superficial 
layers. With continuation of the exudation the deeper layers also are elevated, so 
that the membranes may attain a thickness of several millimeters. They then 
consist of lamellated masses of fibrin inclosing partly hyaline degenerated, partly 
still preserved epithelium as well as numerous round cells, especially in the ad- 
vanced stages. According to Goldmann and Middledorf, the membranes upon the 
tracheal mucosa originate in a similar manner. The membrane is sharply de- 
markated externally by the basal membrane and progresses into the excretory ducts 
of the glands and lymph-spaces. Fibrin coagula are found also in the adjacent 
connective tissue and in the neighboring lymph-glands. Necrotic processes are 
confined essentially to the epithelium, and isolated foci are observed in the con- 
nective tissue. In opposition to the authors mentioned, Ocrtel assumes that most 
of the membranes originate directly from the contents of necrobiotic foci situated 
in the connective tissue beneath the submucosa, which elevate the epithelium, rupture 
and discharge upon the surface of the mucous membrane (secondary membrane). 



Fig. 271 .--Transverse section of colon. 

The description of the clinic conditions and the lack of exact bacteriologic state- 
ments render it not improbable that Oerters description of the mode of origin of 
the membranes forming in septic diphtheria complicated with , streptococcic invasion 
is appropriate, and that the deep necrobiotic foci are due not so much to general 
diphtheritic intoxication as to entrance of streptococci. 

Gangrenous processes (gangrenous form of diphtheria) 
are sometimes associated with diphtheria, extensive putrid de- 
compositions developing beneath the diphtheritic infiltration or 
upon the base of the ulcer. When these are accompanied by hemor- 
rhagic states, the color may be very markedly and variously influenced. 
These secondary hemorrhagic states should not, however, be confounded 
with the primary, which, in many localities, especially in the colon and 
bladder, precede the true diphtheritic affection and, as it were, prepare 
the soil for it. 

In all cases the neighboring lymphatic glands are swollen, hyper- 
emic, intensely edematous, and sometimes phlegmonous. 

Diphtheria always begins upon prominent parts: in the pharynx, 
especially upon the tonsils, uvula, and the follicles of the tongue, etc. ; 
in the small intestine, upon the surface of the rugae {valvxilce conniventes 
Kerkringii ) ; in the colon, upon the crest of the folds produced by the 
strong muscular layers, the teenies (see Fig. 271), and the plicee sigmoides, 




PLATE VIII 


Case A. — Common type of diphtheria. Child 3 years old. Seen on 
fourth day of illness. Exudate covering tonsils, pharynx, and uvula. (After 
Fischer.) 


Case B. — Follicular type of diphtheria. Child 7 years old. Seen on 
second day of illness. The membrane involved the lacunse of the tonsils. 
Note the close resemblance to follicular tonsillitis. (After Fischer.) 


Case C. — Hemorrhagic type of diphtheria. Child 754 :vears old. Seen 
on sixth day of illness. Tonsillar and postpharyngeal exudate. Severe nasal 
and postpharyngeal hemorrhages during exfoliation of membrane. (After 
Fischer.) 


Case D. — Septic type of diphtheria. Child 8 years old. Seen on the fifth 
day of illness. The pseudomembrane in this case covered the hard palate 
and extended in one large mass down the pharynx, completely hiding the 
tonsils. (After Fischer.) 
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which form the sacculi (haustra). Especial points of predilection arc 
the uppermost and lowermost segments* of the digestive canal, namely, 
the pharynx and the rectum. Diphtheria frequently attacks also the 
larynx, trachea and bronchi, and the female genital tract, chiefly during 
the pueri>erium; next the conjunctiva the bladder; less frequently 

the ileum; more rarely the gall-bladder, esophagus, etc. Hospital 
g a n g r e n e —diphtheria of wounds — is, owing to antisepsis, at present 
extremely rare. (See p, 572.) 

In the pharynx it is customary to distinguish an idiopathic 
and a symptomatic form. The former is the dreaded, independ- 
ent, contagious, frequently epidemic and in many cities endemic affec- 
tion which, owing to the constant occurrence of follicular swelling, is 
called angina, or pharyngitis tonsillaris sire follicnlaris diphtheritica, 
or. tersely, diphtheritis^ (angina mcmbranacea maligna, mem- 
branous croup). It occurs principally in children from 2 to 5 years 
of age, among whom in certain localities almost half the total mortality 



Fig. 272. Fig. 273. 


is due to diphtheria and croup. This pharyngitis, like soor (thrush), 
begins with aphthous eruptions — small, cloudy, gray or yellowish-gray 
spots, which, however, are not, like the fibrinous masses in fibrinous 
I)haryngitis (see Fig. 272, a), located upon the mucosa, but in the latter 
(see Fig. 272, &), and. therefore, cannot be wiped off. These small foci 
Usually rapidly increase in size and become confluent. With further ex- 
tension, the process does not advance to the oral cavity, but spreads to the 
larynx, trachea, bronchi, and nose, involving also the uvula. Owing to its 
tliick and dense epithelial covering, the esophagus is very seldom involved. 
On the other hand, the aditus ad laryngem or the larynx itself is quite 
frequently invaded. Here, however, the accompanying fibrinous laryngitis 
] predominates, a secondary fibrinous inflammation developing almost 
everywhere except in the neighborhood of the vocal cords, which are not, 
however, exempt from the diphtheritic process. 

Among the complications the most common are bronchitis and 
pneumonia and tracheal and bronchial diphtheria. The latter frequently 
persists after exfoliation of the membrane and is especially dangerous in 
^niall children. Small lobular pneumonic foci usually are observed in the 
posterior and lower portions of the lungs. 

^ Diphtheritis, in a strict sense, always means the diphtheritic process in the 
ipiKirynx : pharyngitis diphtheritica, due to the pressure of the Klebs-Loffler bacillus 
ns toxins. 
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The symptomatic form of diphtheritis progresses anatomicly 
the same as the idiopathic, and differs only in so far as it occurs as a 
symptom of other diseases. To the latter belongs, first of all, diphtheria 
scarlatinosa, which often appears in scarlatina epidemics as the sole 
symptom of scarlatinal infection; furthermore, variolar diphthe- 
ria, especially in fatal cases of small-pox, usually as a causa mortis, 
and, finally, metastatic diphtheria, which sometimes occurs 
suddenly when wounds assume a malignant nature. 

Diphtheritic pharyngitis is not 
infrequently followed by paral- 
yses, which sometimes assume a 
very serious character. These paral- 
yses usually develop very gradually, 
steadily increase, and generally dis- 
appear after a time. The process is 
an affection of the peripheral nerves. 

Diphtheria of the rectum ; 
colitis diphtheritica, likewise occurs 
i d i o p a t h i c 1 y and s y m p to- 
rn a t i c 1 y . The idiopathic form 
usually occurs e p i d e m i c 1 y as an 
acute infectious disease, and is desig- 
nated as dysentery.^ This affec- 
tion begins as & violent catarrhal 
inflammation of the rectum and sig- 
moid flexure, and may be confined 
to these parts. In severe cases, how- 
ever, it generally involves a large 
^ . . portion of the folon or extends 

diphtheritic colitis. % natural size, throughout its whole length. It is 
(Langerhans.) distinguished from other forms of 

colitis by the occurrence of hem- 
orrhagic infiltrations upon the surface of elevated parts (upon the 
taeniae, etc.), and also by the fact that the process is always complicated 
with ulceration. The ulcers may develop from diphtheritic foci 
within the hemorrhagic infiltrated parts or from follicular ab- 
scesses. Accordingly, diphtheritic and catarrhal dysen- 
teries are differentiated. Sometimes both forms of ulceration — diph- 
theritic and follicular— coexist. 

The diphtheritic ulcers are situated in the mucosa, are flat, 


^ Dysentery is a clinic designation, based upon the sum of two clinic symp- 
toms: namely, tenesmus and diarrhea. 
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and have a broad opening (see Fig. 273, a) ; the others extend deep into 
the siibmucosa and have only a small, narrow opening, and are sinuous 
(see Fig. 273, b). As the diphtheritic process is first and principally 
confined to elevated parts, the colon acquires a certain resemblance to 
maps of mountain ranges. (See Figs. 274 and 275.) In very severe 
acute and in chronic cases the diphtheritic process first extends over a 
large portion of the surface, sometimes over the whole mucosa, and sub- 
sequently invades even the deeper parts down to the submucosa. 

The follicular ulcers usually appear collapsed; if water is 
poured iipon the narrow ulcer opening, the whole ulcer is distended. 
It is not uncommon in dysentery, especially in chronic cases, for adjacent 
follicular ulcers to become confluent by undermining of the edges in the 
region of the submucosa, a kind of passage being thus j^roduced beneath 
the mucosa, the latter forming bridges. In some instances this may be 



Fig. 275. — Colon laid open, t, tjeniae; h, plicae sigmoides; a, small diph- 
theritic foci (beginning diphtheria) ; b, confluent diphtheritic surfaces which 
resemble a map of a mountainous country. (After Langerhans.) 

so extensive as to separate the mucosa over a con.siderable area from its 
base, and occasionally to cause large portions of mucous membrane to 
be exfoliated. 

The ulcerations usually terminate in healing ; consequently, in 
chronic cases cicatrization as well as ulcerations are observed. Cica- 
trization is always accompanied by retraction, whicli may cause very 
dangerous stenoses, especially in the sigmoid flexure. The ulcers some- 
times assume a more permanent character, while the intervening mucosa 
returns to the normal state. The diarrhea then ceases, but the ulcers 
still secrete purulent material. 

The diarrheal discharges consist chiefly of richly albuminous, watery 
fluids which are sometimes mixed with mucoid and sometimes with 
fibrinous masses. Cells, especially pus-corpuscles, are always present in 
the stools, and, though few in number, they are more numerous than in 
'iny other affection of the colon. 
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Dysentery is distinguished, as red and white according as the 
stools are mixed with blood or not. 

A symptomatic form of diphtheria of the colon is 
observed in poisoning with mercury (see Poisoning, p. 326); 
also in Asiatic cholera (sometimes extends throughout the whole 
digestive tract), and in severe septic infections. 

The pathogenic micro-organisms found in the diphtheritic process 
are not always the same; the streptococcus pyogenes and pneumococcus 
also may cause pseudomembranous fibrinous inflammation. The patho- 



Fig. 276. — Bacillus diphtheriae. X 1000. (Drawing by E. L\ Oatman,M.D.) 

genic microbe of diphtheria in a strict sense is a slightly curved, nonmotile, 
facultative anaerobic bacillus (Bacillus diphtheria:) discovered by Klebs 
(1883) and accurately studied by Loffler.^ It is about the same length, 
but twice as thick, as the tubercle bacillus, and the ends are very 
frequently markedly clubbed. Sfxires are not known. (See Fig. 276.) 
The bacilli do not stain by Gram’s method, are very resistant to dry- 
ing, and invariably die at 50® C. (122® F.). The bacilli may inhabit 
the healthy pharynx.^ The diphtheria bacillus is almost constantly present 
in large numbers upon the mucosae and in the pseudomembranes of diph- 

iMitt. a. d. Kaiserl. Gesundheitsamt, Bd. ii; Deutsch. med. Woch., 1890, 
Nos. 5 and 6. 

2 Diphtheria bacilli carriers are not uncommon and are found at all ages and 
in both sexes. The virulence of the bacilli is retained (in the ear, nose, and throat) 
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theria patients and generally remains confined to the affected area. By 
way of the blood- and lymph- vessels it may enter the internal organs, 
where it is said to be rapidly destroyed. Escherich cultivated it from the 
kidneys at necropsy, and Fresch demonstrated it in the brain, liver, spleen, 
kidneys, heart blood, pericardial and pleural fluids. The secretions and 
membranes from an infected case can directly give rise to new infections 
when transmitted (by kissing, coughing, etc.) to the mucous membranes 
of susceptible individuals, or it may indirectly be conveyed by fomites, 
upon which the virulence may be retained for months or even years. 
Lastly, virulent bacilli may remain in the mouth for days and weeks 
after subsidence of the malady, and they frequently have been demon- 
strated in the pharynx of apparently healthy subjects. 

Loffler’s assumption that the multiplication of the bacteria at the point of 
infection is accompanied by the development of a toxin which is profoundly in- 
jurious to the body has been universally confirmed. A further danger from the 
activity of the bacilli is the epithelial necrosis produced by them, which opens the 
way for the entrance of other bacteria, especially streptococci. (Sec p. 524.) The 
diphtheria toxin exerts a marked action upon the vessels, which are dilated; upon 
the heart, liver, nervous system, and kidneys (albuminuria). Motor paralyses 
usually occur only after subsidence of the acute intoxication. 

There are at present only very few observations upon the cause of 
dysentery. The affection is attributed partly to bacteria (diphtheria 
bacilli), partly to animal micro-organisms. (See Amoeba colt 
dy sentence.) As regards the symptomatic form, it is assumed that the 
primary injurious factor is not introduced from without, but is conveyed 
U) the locality with the blood. 

Vincent's Angina. 

Vincent’s, oi; spirochetobacillary, angina, Plaut-Bemheim ulcer 

[angina diphtheroidcs s. ukcromcmhranacca) , to which attention was 
almost synchronously directed by Vincent and Bernheim in 1898, was 
fully described clinicly and bacteriologicly by I'laut in 1894. The process 
is usually a benign, pseudomembranous, necrotizing inflammation of the 
throat accompanied by subfehrile movement and mild local glandular 
involvement. The slough separates slowly and may take from ten to 
fourteen days or longer. It is most frequently observed in young sub- 
jects between the age of 3 and 10 years, though it occurs also later in life, 
h is observed in two forms: 1. One tonsil presents a gray-white, ulcero- 

for from four to eight months. As the Bacillus diphthcricc is essentially a human 
Ijarasite (transference from animal to human is rare), the control of diphtheria 
depends upon control of the carrier. Milk, water, eating utensils, etc., contaminated 
»y infected individuals may serve as media of conveyance. Diphtheroid affections 
the mucous membranes are not infrequently observed in domestic animals ; these 
processes, however, are produced by other micro-organisms. 

34 
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membranous, rarely a diphtheroid, fibrinous, deposit, on dislodgment 
of which only a slight, necrotic wound surface remains, 2, In the more 
frequent ulcerative form the membranous deposit is more gray and thin, 
soon disappears, and leaves a necrotic ulcer several millimeters in depth. 
In the great majority of cases the process is unilateral, but it may affect 
both tonsils and extend to the palate, uvula, and pharynx, causing much 
destruction. Occasionally it is attended by marked glandular swelling 
(sublingual and submaxillary adenitis) which may result in abscess. In 
rare cases albuminuria, a polymorphous exanthema, arthritic effusion, 
suppurative bronchopneumonia, and pleuritis may occur, which may 
terminate in death from toxic absorption. These probably are secondary 
affections favored by the ulceration. 

The etiologic factor is regarded as a large fusiform bacillus {Bacillus 
fusiformis) which, in the majority of cases, is associated with long, 
slender spirochaetae. (See p. 572.) The bacilli are observed in the 
fibrinous deposit and sometimes also in the depth, especially in the ulcera- 
tive form of the process ; while the spirochaetae are found chiefly super- 
ficially. In the early stage of the affection both micro-organisms occur 
pure; later they are mixed with other bacteria, principally micrococci. 

Leprosy. 

The pathogenic micro-organism of leprosy is assumed to be the 
lepra bacillus (Ilansen-Neisser, 1879). It is a deKcate, slender rod, 
greatly resembling the tubercle bacillus, but is distinguished from the 
latter by its constant occurrence in the diseased tissues in large, often 
massed collections. It stains with Gram and in fresh tissues with the 
ordinary aniline dyes, especially fuchsin and gentian violet; in preserved 
tissues it is often difficult to stain except by methods ^employed to stain 
the tubercle bacillus. The bacilli are located partly within, partly outside, 
the cells. Pure cultures have recently been obtained. ^ 

Leprosy is a disease which, in great part, has disappeared from 
Europe. It is still of frequent occurrence in Norway and .southern 
Russia, rarer in southern Spain, Italy, Turkey, and in certain parts of 
the United States. It is very prevalent in South America, south Africa, 
Australia, and Asia, especially in India, China, and Japan. While it is 
still doubtful whether it is transmitted directly from man to man, it is 
certain that it can be introduced by man into previously free districts. 
Sanders^ and Long^^ suggest insects and vermin (fleas, lice, bedbugs) as 
modes of infection. It most frequently begins from the 20th to the 30t]i 
year. 

1 Philip, Jour, of Sci., sec. B, No. 6, p. 403. 

2 Brit. Med. Jour., Sept. 2, 1911, p. 469. 

2 Ibidem, p. 470. 
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Two forms are distinguished: a tuberous and an anesthetic 
form. 

In tuberous leprosy {lepra tuberose) nodules develop in the skin 
and partly also in the subcutis, especially upon the unprotected portions 
of the body, most frequently upon the face and hands. The disease 
begins with macular hyperemia and swelling. The swollen and reddened 
areas may disappear temporarily, then recur and remain stationary, be- 
come more strongly swollen, and. growing harder and redder, finally 
attain the form of nodules the size of a hazelnut or walnut. 

After a time the redness and tension of the skin subside, and a 
brownish or dirty-yellow pigmentation appears. The consistency be- 
comes lax and flabby, sometimes almost fluctuating. The sweat and 
sebaceous glands atrophy ami the hairs fall out ( with exception of the 
hairs of the head: eyebrows, beard, etc.). The nodules are seldom 
isolated. They are usually arranged in groups, partly in contact, partly 
separated by small interspaces. They originate by proliferation, form- 
ing a very richly cellular granulation tissue, which extends to the un- 
altered epidermis and deep into the subcutis in the form of trabeculae 
and bands. The most intense development occurs in the neighborhood 
of the hairs and the vessels. The tissue lying between the bands is either 
unaltered or the seat of simple proliferation. The proliferated cells are 
jartly round, lymphoid, partly stellate, and spindle-formed, and contain 
the above-mentioned bacteria. 

These nodules manifest no disposition to undergo softening and 
<iisintegration. and ulcerate only under especially unfavorable external 
influences. Ulcus Ic prosum forms dry, dirty scabs. In contradistinction 
lupus and syphilitic alterations, the nodules are generally cpiite per- 
M>tent. The alx)ve-mentioned laxity and flabbiness of the nodules which 
gradually develoj) is due to partial fatty metamorphosis and resolution. 
< omplete resolution never occurs ; on the contrary, as leprosy has a 
progressive character, new nodules usually develop in the neighborhood. 

In lepra maculosa — the milder form — the peculiar tubercular forma- 
tH'U is absent. A dark-brown pigmentation of the rcte Malpighii develops 
itnorpheeck nigra) when the hyperemic swelling has subsided and the 
has become somewhat denser, or a scar-like condition associated 
with anesthesia, atrophy, indentation, and condensation occurs in the skin : 
niDYphcca alba. This process generally advances peripherally. Morphtea 
(film often develops directly into lepra ancesthetica. 

In leprosy of the mucous membranes (eyes, nose, mouth, pharynx, 
laiynx) nodules develop which are quite similar to those observed in 
skin, but which are distinguished from the latter by their tendency 
nlceration. In consequence of this, perforation of the cornea, to 
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which the process frequently extends, occurs, and also prolapse of the 
iris, staphyloma, etc. In the nose the ulcerations generally extend to the 
bone, and in the tongue to the musculature. In healing, dense, hard 
cicatrices and marked stenoses develop. 

Lepra anaesthetica is a leprous affection of the nerves. Generally, 
spindle-shaped swellings develop as the result of the proliferations. 
Sometimes, however, the process progresses also in the form of a chronic 
inflammation: perineuritis chronica leprosa. The anesthetic form begins 
with hyperesthesia; then anesthesia gradually develops. In the swollen 
portions of the nerves proliferations are ol)served, which correspond to 
the proliferations in the skin, and take their origin from the interstitial 
tissue of the nerves (perineurium) ; an alteration of the nerve-sheath — 
the neurilemma — is also frequently observed. The proliferation is usu- 
ally followed by fatty metamorphosis of the granulation cells and atrophy 
of the primitive nerve-fibers. 

Bullous exanthemata often occur as sequclce of lepra anecsthetica. 
Pemphigus leprosus develops: vesicles as large as a hen’s egg, which 
often develop rapidly, burst and usually leave an ulcerating surface. 
These produce new irritations which cause condensation and retraction 
of the skin. The skin atrophies; beneath it the adipose and muscle 
tissue, the sebaceous and sweat glands, and even the bones atrophy. 
The skin becomes smooth, glistening, dry, and brittle. Later, purulent 
and necrotic inflammations supervene, which may /extend deeply and 
cause necrosis and separation of bone. In this manner individual 
phalanges and even the greater part of the hands and feet may be 
destroyed. These extensive destructions generally heal by good cica- 
trization, since they proceed not from true leprous tissue, but from sec- 
ondary inflammations, and in their nature closely approach the .so-called 
neuroparalytic inflammation following anesthesia, 

Lepro.sy is generally confined to the regions described and but sel- 
dom extends to the internal organs. According to accumulated experi- 
ence, other parts most frequently affected are the spinal cord; rarely 
the joints, muscles, testes, etc. Swelling of the neighboring glands is 
always present, although this is sometimes very slight. 

Fibrinous Pneumonia, Lobar Pneumonitis. 

Fibrinous pneumonia is an acute, infectious endemic, and occa- 
sionally epidemic, disease frequently beginning with a chill. (See 
p. 541.) 

Probably several micro-organisms are pathogenic factors in this 
disease, especially the Diplococcns lance olatus (Fraenkel-Weichselbaum) 
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and Friedlaender's pncumobacillus,^ The former is of chief importance, 
since it is found in about 90 per cent, and over of all cases of 
fibrinous pleuropneumonia. This diplococcus has a lancet- 
shaped form (for this reason it is regarded also as a short bacillus) 
and almost always occurs in pairs. The segments of the pairs are not 
absolutely round, but somewhat elongated, the distal ends frequently 
being pointed ; occasionally, however, the pointed ends are in apposition, 
while the free ends are rounded. This coccus is subject to various 
changes in moqdiology, especially when grown upon solid media, and 
sometimes it forms chains. In the sputum or in the blood of infected 





Fig. 277. — Fricdlaender’s pncumobacillus in pneumonic sputum. X 1000. 
(After Fraenkcl and Pfeiffer.) 

animals, it is surrounded by a distinct oval capsule which is slightly 
pointed at the ends. This capsule is rarely absent under these circum- 
stances, but is very seldom seen in artificial cultures except in liquid 
media (milk or Loffler’s serum). Giiarnieri, by the use t^f a special 
nutrient medium, and Schmidt, by the use of sterile pneumonic sputum, 


1 The bacillus of Friedlaender (see Fig. 277) does not play a very important 
role in either local or general infections. As a local excitant it is observed in 
affections of the lungs (pneumonia), nose, mouth, pharynx, middle ear, intestinal 
canal, urogenital tract, and, under certain conditions, also in the liver and biliary 
passages. In all these localities it occasionally excites suppurative inflammations 
which in rare instances may result in general septic infection, and the bacillus may 
then be demonstrated in the blood. A hemorrhagic form of sepsis is extremely rare. 
As in other forms of sepsis, metastases occur in about one-third of the cases. The 
metastases have most frequently been observed in the liver, kidneys, and meninges, 
but they have been found also in the joints, ear, and muscles. Recovery from 
Friedlaender’s sepsis may occur (Roily, Munch, vied. IVoch., Jan. 3, 1911, p. 19). 
Apparently, Friedlaender’s bacillus may in rare instances cause septic endocarditis. 



534 


FIBRINOUS PNEUMONIA. 


obtained growths with capsules J (See Fig. 278.) This organism was 
first observed by Pasteur and Sternberg, in 1881, in large numbers in the 
blood of rabbits inoculated with human sputum, and described by them as 
the coccus of “sputum septicemia.” A. Fraenkel subsequently (1886) 
discovered it in the rusty sputum of fibrinous pneumonia ; also in a number 
of cases of ^empyema, and in the pial exudate in a case of meningitis fol- 
lowing pneumonia. Fraenkers observations were confirmed by Weichsel- 
baum^ and Netter, The Diplococcus lanceolatus is a nonmotile facultative 



Fig. 278. — Diplococcus pneumoniae in the heart’s blood of a rabbit. 

X 1000. (After Fraenkel and Pfeiffer.) 

anaerobe, grows between 24® and 42® C. (therefore not at room tem- 
perature), best at 37® C., upon a faintly alkaline nutrient medium. 
Pure cultures invariably die in a few days. Within the lungs the 
Diplococcus lanceolatus is found almost exclusively in the pneumonic 
exudate. Fraenkel’s diplococcus is found in every expectoration with- 
out affection of the nose, mouth, and bronchi necessarily being present. 
It may, therefore, be assumed that through some cause or other the 

1 According to Hiss, capsules can be demonstrated in cultures grown upon 
nearly all nutrient media if beef or rabbit serum is used in making the spreads for 
staining. 

* Hence called also diplococcus of Fraenkel-Weichsclbaum. 
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bacteria wander toward the lungs and there excite inflammation, or 
else they reach these parts from other organs. 

Aside from its etiologic role in acute lobar pneumonia, the pneumococcus also 
enters the pleural cavity and blood, and often is found in various inflammations : 
peritonitis, meningitis, otitis, pericarditis, endocarditis, conjunctivitis, corneal ulcer, 
arthritis (hip, ankle, elbow, clavicle), etc. Little is known of the specific toxin of 
this coccus. Efforts to obtain active soluble toxins have not been very successful. 
The essential pneuniotoxin is of endocellular type (endotoxin). 

Among the predisposing causes of pneumonitis the influence of varia- 
tions in temperature is of primary importance. The frequency of the 
affection in the first and second quarters of the year and its relative rarity in the 
third quarter are well shown by the following table after Roily and Blumstein^ 
based on analysis of 1048 cases : — 


Year 

Jan. 

Peb. 

Mch. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1905 

24 

15 

22 

19 

16 

16 

6 

9 

12 

9 

13 

5 

1906 

13 

16 

24 

37 

23 

19 

8 

7 

5 

8 

17 

18 

1907 

40 

25 

23 

25 

27 

14 

10 

8 

13 

7 

15 

10 

1908 

42 

46 

22 

23 

15 

13 

15 

9 

13 

15 

30 

10 

1909 

32 

33 

25 

31 

22 

13 

9 

10 

13 

17 

7 

6 

Total 


135 

” 11 ^ 

135 

103 

75 


43 

56 

56 

82 

49 


This table demonstrates that 402 (38 per cent.) occurred in the first quarter of 
the year, 313 (29.9 per cent.) in the second quarter, 147 (14.0 per cent.) in the 
third quarter, and 187 (17.8 per cent.) in the fourth quarter. Only one-seventh of 
the cases occurred in the third quarter, in the first half more than two-thirds, and 
in the second half-year only one-third. 

According to the following tabic from the authors just mentioned, age also 
seems to have a certain influence upon the morbidity, in so far as the greater 
number of cases occurred between the 21st to 3Dth year: — 


Age 

Up to 10 years 
From 11 to 20 years 
From 21 to^30 years 
From 31 to 40 years 
From 41 to 50 years 
From 51 to 60 years 
Over 60 years 


Number of cases 

46, i.e., 4.4 per cent. 
210 , i.e,, 21.1 per cent. 
274, i.e., 26.1 per cent. 
192, i.e., 18.3 per cent. 
140, i.t\, 13.3 per cent. 
105, i.e., 10.1 per cent. 
81, i.e., 7.7 per cent. 


The male sex was 2% times more frequently attacked than the female, 
since of the 1048 cases 783 were men and 245 women. This may be explained by 
the fact that men, owing to their activities, are more exposed to external influences, 
such as cold, exertion, etc., than women. This view is supported by the observa- 
tions of Grisolle, according to whom the number of cases of pneumonia in localities 
where women do the same labor as men is the same in both sexes. Age exerts 
a marked influence also upon the termination of pneumonia, as shown by the 
following table 


1 '^Klinische Beobachtungen bei krupposer Lungenentzundung,” Fortschritte der 
Medizin, July 13, 1911, p. 650. 



536 


FIBRINOUS PNEUMONIA. 


Ae« 

Male 

Died 

Female 

Died 

Total 

Died 

Total Mort, 

Up to 10 years 

29 

2 

17 

1 

46 

2 

6.5 per cent 

From 11 to 20 years 

155 

17 

55 

3 

210 

20 

8.8 per cent. 

From 21 to 30 years 

214 

22 

60 

7 

274 

29 

10.1 per cent. 

From 31 to 40 years 

150 

40 

42 

10 

192 

50 

25.8 per cent. 

From 41 to 50 years 

103 

32 

37 

18 

140 

50 

36.3 per cent 

From 51 to 60 years 

75 

33 

30 

13 

105 

46 

44.1 per cent 

Over 60 years 

57 

41 

24 

18 

81 

59 

74,0 per cent 


Fibrinous pneumonia has two ])restaclia : a catarrhal and 
a hemorrhagic. Both are usually included as the stage of con- 



Fig. 279. — Croupous pneumonia. Red hepatization of the lung (alcohol, 
carmine, fibrin stain ) . a, infiltrated alveolar septa ; b, fibrinous exudate ; r, 
red blood-cells. X 200. {Ziegler,) 


gestion or engorgement (engoiilement). The lungs in such 
parts show very little that is characteristic. They are dark red, still 
contain air, but are slightly firmer in consistence, and resemble mostly 
a beginning hypostatic pneumonia. Without the aid of the microscope 
it can be anatomicly diagnosticated best when fibrinous hepatization is 
to be seen immediately adjoining it. 

The hemorrhagic prestadium is followed by the stage of red 
hepatization {hepatisatio rubra) \ the alveoli become filled with 
red blood-corpuscles and fibrin. On coagulation of the fibrin the hem- 
orrhagic contents of the alveolus become a quite firm, red plug. The 
cut surface of r e d hepatization is red and slightly granular. The latter 
appearance is chiefly due to the small plugs, composed of coagulated 


FIBRINOUS PNEUMONIA, 


537 


exudate, which fill the alveoli The slightly granulated, red, cut surface 
gradually changes to grayish red and, in part, grayish yellow.^ This 
is due to solution of the blood-corpuscles, diffusion of the blood color- 
ing matter, and exudation of new fibrin masses and partly also of 
cellular elements into the alveoli. The hepatized area thus attains a 
volume as in deep inspiration, with the difference, however, that instead 
of air a firm exudate occupies the alveoli, which produces anemia of 
the lung-tissue by ])ressure upon the vessels. The lungs, therefore, ap- 
pear paler, larger, and more voluminous than usual, and do not collapse 
when the sternum is removed. The individual plugs (in the alveoli) 
are distinctly elevated above the cut surface as quite large granules, 



Fig. 280. — Delicate fibrin coaguhim (from croupous pneumonia). 

X 350. (After LenhartC'Brooks.) 

because the inteifeely distended elastic tissue, relaxed by the incision, 
retracts at the point where the cut is made. This is the stage of 
complete hepatization. If the edge of a knife is held at a 
slant and scraped across the cut surface, grayish-yellow granules are 
obtained, which are composed of a dense network of fibrin inclosing a 
moderate number of colorless blood-corpuscles and a few desquamated 
alveolar epithelia. 

The cut surface gradually becomes smoother and redder, and the 
solid consistency gives place to a more relaxed condition. If the cut 
surface now be scraped with the edge of a knife, a cloudy fluid, partly 
mixed with solid masses, is seen, which consists, microscopicly, of finely 
granular detritus, disintegrated cells, and a few large, still coherent 


1 The color may be greatly modified by more or less lung pigment : anthracosis. 
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clumps or plugs. (See Fig. 282:) These plugs contain chiefly round 
cells and only a slight amount of fibrin. This is the stage of resolu- 
tion.^ In this stage a strong flow of fluid occurs from the greatly 
engorged blood-capillaries into the exudation plugs; the fibrin undergoes 
granular disintegration and the cells degenerate by fatly metamorphosis. 
The masses no longer remain fixed in the alveoli, as did the fibrin plugs, 
but form a movable exudate which may be partly expectorated, partly 
absorbed. - 



Fig. 281. — Fibrinous hepatization. Numerous fibrin plugs in situ; near 
them many empty alveoli from which the fibrin plugs have been washed out. 
Fresh section. (Zeiss Apochr., 2; Comp. OcuL, 4. After L^ngerhans.) 

According to Fiessingcr and Bauble {Rev. d. vied., 4, 1910, p. 273), the fibri- 
nous exudate is rcsorbed by a fermentative, proteolytic process. The fibrin is trans- 
formed into albumin, this into albumoscs, peptone, and finally into arnido-acids, and 
these subsequently are eliminated with the expectoration, urine, and perhaps also in 
other ways. To the polynuclear leucocytes is attributed the production of the 
salutary ferment. The leucocytes appear shortly before the crisis in considerable 
numbers in the blood (this leucocytosis goes hand in hand with rise of temperature 
and the other precritic symptoms), collect around the pneumonia focus, disintegrate, 
and thus liberate their ferment. This process can be followed in the expectoration, 
the urine, and blood. 

1 Resolution signifies, in general, loosening, solution, softening, t.e., trans- 
formation from the solid to the fluid state. A u t o 1 y s i s likewise indicates solu- 
tion, but it means also that the solution is effected by the substance itself without 
the intervention of other substances. 

2 Most of the exudate is absorbed. 
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A certain amount of relaxation or looseness of the tissues remains 
for some time after removal of the exudate from the alveoli. 

If fibrinous pneumonia terminates unfavorably, this may be due, 
aside from complications (empyema, etc.), solely to the extensiveness 
of the process, to cardiac weakness, to toxic action, or to new involve- 
ment. 

Fibrinous pneumonia generally involves but one pulmonary lobe, more 
frequently the lower lobe, and the right lung more often than the left. 
(See p. 541.) Sometimes both lungs and several lobes are involved at the 
same time, but more often invasion is successive, i.e., affection of one lobe 
is followed by involvement of another. If a whole side is hepatized, the 
condition is spoken of also as peripneumonia (according to Celsus: 



Fig. 282. — Two isolated fibrin plugs from a fibrinous hepatization, o, pure 
fibrinous plug; b, plug infiltrated with cells. Fresh preparation. (Zeiss 
Apochr., 4; Comp. Ocul, 4. After Langerhans.) 

ircpc = around and around — wholly and completely, totus pulmo afficitur). 
In these cases there is intense collateral hyperemia of the nonhepatized 
area, because th^ hepatized parts are always anemic in the stage of 
complete hepatization. The collateral fluxion very easily gives rise to 
a fatal pulmonary edema as soon as the strength of the heart 
begins to weaken as a result of the increased resistance and the injury 
caused by the high fever. 

Wherever fibrinous hepatization extends to and involves the pleura, 
an extensive fibrinous pleuritis develops. This is a constant 
accompaniment of fibrinous pneumonia whenever the latter occurs in 
lobar form, i.c., involves the pleura to a marked degree. Hence the 
frequent use of the term fibrinous pleuropneumonia. 

Every fibrinous pneumonia is attended by a violent bronchitis — 
acute catarrhal in the large bronchi and often fibrinous in the smaller — 
which may occasionally lead to filling and occlusion of the bronchi and 
bronchioli. 
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The bronchial glands of the affected side and the spleen- 
are always markedly swollen in consequence of acute hyperplasia of 
the pulp-cells. At the necropsy the heart, liver, stomach, and kidneys 
are invariably found to be in the state of cloudy swelling. 

The enormous amount of fibrin exuded during the course of fibri- 
nous pleuropneumonia is not derived from the blood (for the blood 
contains more fibrin than usual and, as is known, is incapable of pro- 
ducing fibrin), but from the inflamed and altered parts of the lungs and 
pleura; the fibrin is elaborated by the irritated tissue-cells, and is partly 
thrown out upon the surface, j)artly conveyed by the lymph to the blood. 

A not infrequent complication, which sometimes remains unde- 
tected, is fibrinopurulent arachnitis. This appears to stand 
in the same relation to Fraenkel’s Diplococciis lanccolaius as does fibri- 
nous pneumonia. (See p. 5^^2.) 

Whether the rare termination of fibrinous pleuropneumonia in 
purulent softening also depends upon the diplococciis or is 
due to other injurious influences has not been positively decided. In 
some instances no other bacteria can be demonstrated. The beginning 
of purulent softening is recognized by the following features : The firm 
consistency gives way to flabbiness; the incised surface is no longer 
granular or only partly so, and exudes a creamy, turbid, pus-like ma- 
terial. Furthermore, the color of the whole cut surface is more yellow 
than usual ; the more pus there is formed, the more greenish yellow the 
color becomes; the softer and more relaxed the contsistency, the more 
pus exudes from the cut surface. Finally, the hepatization can no longer 
be recognized; in its place there is found a purulent sac containing, in 
addition to pus, firmer fragments which, however, can be recognized as 
remains of lung-tissue only by the aid of the microscope. 

In some cases fibrinous pleuropneumonia is afcompanied by a 
purulent pleuritis in which the Diplococcus lanccolaius is usu- 
ally found. Sometimes, especially in toi)ers and when putrid processes 
previously existed in the lungs, pneumonia goes on to gangrene. 
Rarely the fibrinous exudate becomes organized — replaced by connective 
tissue — so that the lung-tissue contains no air and assumes a flesh-like 
appearance: carnification. Very little is known as to the cause 
of this change. The connective tissue does not develop from the true 
lung parenchyma, but from the connective tissue present in the lung. 

Under certain conditions fibrinous pneumonia may terminate in 
caseous hepatization, especially when tuberculosis or caseous 
processes pre-existed in the affected lung and tubercle bacilli can be dis- 
seminated from these foci. 
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Persons who have once had pneumonitis appear to possess a greater sus- 
ceptibility after recovery than those who have not been attacked- Among Roily 
and Blumstein’s cases, ^ 159 (14.2 per cent.) had had pneumonitis several times, 
and among these 3 had six attacks and 4 had five attacks. Among 46 cases of 
pneumonitis in children, 8 (17.4 per cent.) had had the disease several times. There- 
fore, it would appear that, on the one hand, there is established in the lungs after 
recovery from pneumonitis a loctts minoris resistcnticp, whereby entrance of the 
infectious agents is favored, and, on the other hand, that a specific alteration of 
the organism (allergy) is produced, in consequence of which, in renewed infection, 
invasion by the infectious agents occurs more readily than in first attacks. 

As regards the clinical manifestations of the disease, the inflammation began 
acutely with violent chill in 59 (4 per cent.) of the cases. The well-known sputum 
croocum, in which the pneumococcus could easily be demonstrated, was usually 
observed on the .second day. In pneumonia of the upper lobe, in pneumonia of old 
persons, and in cases complicated with delirium trements, expectoration was lacking. 
In the minority of cases the disease began with vomiting, diarrhea, marked dyspnea, 
meningitic symptoms, and in children often with convulsions. 

In 270 cases the fever subsided by crisis. In the great majority the tempera- 
ture declined by lysis. In 243 cases crisis occurred between the fourth and tenth 
day. and in 103 on the seventh to eighth day, as shown by the following table : — 


Day 

Number 

Day 

Number 

1 

0 

10 

20 

2 

1 

11 

15 

3 

12 

12 

1 

4 

21 

13 

6 

5 

33 

14 

2 

6 

30 

15 

1 

; 

58 

1() 

0 

8 

45 

17 

3 

9 

36 

20 

1 


A distinct decline by lysis, lasting for from two to three or more days, was 
observed 267 times. In 176 cases (66 per cent.) lysis occurred between the sixth to 
tenth day; in the majority of the remainder, on the eighth to ninth day. 

The site of tl/e pneumonia was on the right side in 52.6 per cent.; on the 
left in 38.1 per cent., and on both sides in 9.3 per cent. The infiltration was present 
in 72.8 per cent, in the right lower lobe; in 0.9 per cent, in the middle lobe; in 11.4 
per cent, in the right upper lobe; in 4.3 per cent, in the right lower and middle 

lobes; in 2.5 per cent, in the right upper and middle lobes; in 2.19 per cent, in the 

right upper and lower lobes, and in 8.6 per cent, in the whole right lung. Of the 
left lung the upper lobe was involved in 3.7 per cent; the lower lobe in 26.4 per 
cent, and the whole left lung in 8 per cent. Both lungs were involved in 9.3 per 
cent; both lower lobes in 3.1 per cent.; both upper lobes in 1.1 per cent, and one 
lower lobe and one upper lobe in 1.0 per cent The process was located elsewhere 
in 4.1 per cent. The lower lobes, therefore, were involved in about three-fourths 

of the cases and the middle lobe least. The pulse was in all cases greatly accel- 

erated, and in advanced age this appears to possess a certain prognostic significance, 
since in those patients who were over 60 years of age and in whom the pulse rate 
exceeded 120 per minute 94 per cent. died. 


I Loc. cit, p. 651. 
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Albuminuria was observed in 339 (32.1 per cent.) of the cases. This is 
apparently a toxic manifestation which disappears with subsidence of the fever and 
has no further influence upon the prognosis, or course of the disease. In many 
cases a diminished excretion of sodium chloride in the urine was determined. In 
the majority of cases peptonuria was demonstrable during the affection. 

In 132 cases herpes was observed in the region of the mouth, nose, and 
cheeks, and occasionally upon the eyelids and cornea. 

Of the complications, pleuritis is most frequent. It certainly is more fre- 
quently present than is clinicly demonstrable. According to the authors above 
quoted, the different forms occurred with the following frequency in 1048 cases ; — 




Cases 

Mortality 

Pleuritis 

sicca 

78 

61.5 per cent. 

Pleuritis 

serosa . 

47 

40.4 per cent. 

Pleuritis 

purulenta 

61 

65.6 per cent. 


In 13 cases the pneumonia resulted in pulmonary abscess. Of these, 
4 died. Pulmonary gangrene was observed in 4 cases, all females. In 11 
cases chronic interstitial pneumonia resulted, 2 of which followed pulmonary 
abscess. Serofibrinous and purulent pericarditis occurred in 15 (1.4 per cent.) cases, 
11 (73.3 per cent.) of which died. Fresh endocarditis was found in 14 patients, 
and myocarditis in 5; of the former, 4 (28.6 per cent.) and, of the latter, 2 (40 per 
cent.) died. Pneumococcic meningitis occurred as a complication 7 times, 4 of which 
died. In 33 cases delirium tremens was observed, 11 (33.4 per cent.) of which 
died. In 47 cases (4.5 per cent.) acute nephritis, due to the pneumococcus or its 
toxins, developed; of these, 9 (19.2 per cent.) ended fatally. Seventy-eight cases 
were accompanied by icterus, 12 of which came to necropsy. In all cases the 
biliary passages were patent; therefore, the icterus was due to toxic influence upon 
the liver-cells. As 31 (39.8 per cent.) of the 78 icteric cases dieS, the presence of bile 
coloring matters in the urine is an unfavorable prognostic sign. Especially unfavor- 
able appear to be those cases in which albumin and bile coloring matters occur 
together in the urine. In 40 cases this condition was present, and the mortality was 
50 per cent. Other complications observed by Roily and Blumstein were : — 



Male.s 

Deaths 

Females 

Deaths 

Catarrhal and follicular angina . . . 

.... 17 

0 

• 8 

1 

Otitis media 

.... 6 

0 

4 

0 

Metastatic ophthalmia 

.... 0 

0 

1 

1 

Parotitis 

.... 4 

1 

2 

0 

Phlegmonous strumitis 

.... 1 

0 

0 

0 

Sepsis (with metastases) 

.... 14 

11 

2 

1 

Papillitis 

.... 0 

0 

1 

0 


According to this table, the prognosis is very bad in pneumococcic sepsis, as 
the mortality was 75 per cent. Coexistence of emphysema (mortality 75 per cent.), 
cardiac valvular lesions (mortality 30 per cent.), and arteriosclerosis (mortality 
66.6 per cent.) render the prognosis grave. Tuberculosis exerted no essen- 
tial influence upon the termination or course of the affection. 

In view of the fact that various authorities state that the mortality of pneu- 
monia varies in different years, it is interesting to present the authors^ tabulation, 
which shows that the variation of the mortality in different years is not very 
great 
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Males 

Died 

Mort.ft 

Females 

Died 

Mort. i 

Total 

Died 

Total MoTt.4 

1905 

134 

26 

19.4 

32 

7 

21.9 

166 

33 

195 

1906 

137 

38 

27.7 

58 

16 

27.6 

195. 

54 

26.3 

1907 

165 

34 

20.6 

52 

15 

28.8 

217 

49 

22.5 

1908 

178 

42 

28.4 

75 

18 

24.0 

253 

60 

23.7 

1909 

169 

47 

27.9 

48 

14 

29.2 

217 

61 

27.3 

Total 

783 

187 

23.8 

265 

”7(7” 

26.4 

”li048 

257 

24.1 


Syphilis, Lues Venerea. 

Syphilis^ belongs to the pure contagious diseases which are trans- 
mitted exclusively from man to man, the specific syphilitic products 
{€,g., from a disintegrated gumma) finding a favorable locus minoris 
resistentiw in wounds or the smallest abrasions. 

Recent investigations seem to justify the belief that the cause 
of syphilis is an extremely delicate, faintly refractive, very ac- 
tively motile spirochaeta, with pointed ends (Spirocliceta pallida, or 
Treponema pallidum), discovered by Schaudinn and Hoffmann.2 The 
length of the Spirocliceta pallida varies between 4 and 14 /.t, usually 7 ft, 
It is possible that it does not belong to the bacteria, but to the protozoa. 
In physiologic salt solution the organism remains motile for six hours. 
It is provided with numerous (4 to 20) sharp, narrow spiral turns, and 
is visible only after employment of special methods of staining or with 
the dark-ground illumination apparatus. It has been found not only 
in the tissue juiOes and secretions of primary and secondary 
lesions (papules, chancres, mucous patches, condylomata, etc.) and in 
almost every organ and tissue in congenital syphilis, but also, 
though rarely, in tertiary lesions : syphilitic aortitis, gumma of 
bone, cutaneous lesions. In malignant syphilis, however, it has thus far 
not been detected,. The micro-organism has been observed also in ex- 
perimental lesions produced in apes. Until pure cultures of the Spiro- 


t The etymologic invention of the term “syphilis"’ appears to be due (incor 
porated in myth) to a Veronese physician, named Hieronymus Fracastorius, born 
at Verona about the year 14^. He wrote a poem entitled : *Syt*hUis, sive morbus 
yallicus" (The Philmar Co., St. Louis, Mo., 1911), therein relating how a herdsman 
of the King Alkithous, Syphilis by name, was afflicted with the disease by Apollo in 
punishment for paying divine homage to the king instead of to the god. 

According to Buret (‘La Syphilis adjourd’hui et chez les anciennes”), the 
word is derived from the Greek tAr and (lovel, i.e„ “companion of love.” 

Captain Dabry (“La medecine chez les Chinois,” Paris, 1863) states that in 
the year 2367 b. c. the Emperor Hoang-ty ordered all manuscripts to be collected, 
and from these Dabry learns that the Chinese recognized and treated syphilis with 
mercury. — C. T. Baxter, Middlesex Hosp. Jour., ix, No. 6, p. 241. 

When syphilis was introduced into Germany at the end of the fifteenth century, 
it was called “cancer,” because at that time cancer was considered to be a kind of 
ulceration. The original significance of the word cancer (carcinoma)— a tumor— 
was subsequently restored. 

2 Arb. a. d, Kais. Gesundhamt., H. 2, Bd. xxii, pp. 527,534; Deutsch. m. Woch., 
^^5, 18, pp. 711-714; Berlin. Win. Woch., 1905, No. 22, p. 673, and No. 23, p. 726. 
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chceta pallida are obtained, and inoculations made into man,^ the question 
of its specific etiologic relation to syphilis must remain in doubt 

According to O. T. Schultz , 2 the presence of the Spirochcsta pallida is the 
only criterion for the diagnosis of congenital lues. In living and stillborn infants 
there occur with relative frequency chronic inflammatory changes which render the 
histologic diagnosis of syphilis extremely difficult. The essential lesion, in con- 
genital as well as in acquired lues, is the vascular involvement. This begins with 
localization of the parasites in the perivascular lymphatics, which leads, first, to 
proliferation and infiltration of the adventitia, and then to extension of the inflam- 
matory process inward toward the lumen of the vessel, and outward into the 
perivascular tissues. In the congenital form of the disease the difTuseness of the 
interstitial inflammation may obscure the more essential and characteristic vas- 
cular involvement. 

It is very doubtful whether the Cytorryctes lues, described by 
Siegel,'' an organism belonging to the protozoa and found in the blood- 
vessel walls and certain tissues, has any etiologic significance. 

The contagium vivum of syphilis retains its virulence for a certain 
period after death. The length of this period depends upon various 
conditions, and very probably is influenced by the action of the metabolic 
products of the putrefactive bacteria. The more rapidly the phenomena 
of putrefaction appear, the earlier is the specific action of the contagium 
annihilated. (See General Remarks upon the Infectious Diseases, p. 
431.) 

The local change observed in .syphilis occius in two forms: 
a mild and a severe. The first consists of a simple, irritative, 
hyperplastic process, which manifests nothing specific. The 
severe form corresponds to gumma formation. Different varieties 
are di.stinguished : fibrous, medullary, colloid, and caseous gummata, all 
of which agree in so far as they develop from granulation tissue and 
manifest great disposition to undergo fatty degeneration. The differ- 
ence consists mainly in the local diversity of the matricular tissue. 

Syphilis generally begins with an entirely local affection as a 

^H. Noguchi (Jour. Amer, Med. Assoc., July 8, 1911, p. 102) has recently 
cultivated the Treponema pallidum in fluid and solid media. Inoculations into the 
testicles of rabbits “set up the typic lesions.” According to Noguchi, the previous 
experiments of Sowade (Deutscli. med. IVoch., No. 15, 1911) and J. Schereschewsky 
(ibid., No. 20, 1911, p. 9^) are questionable. 

Hoffmann (Deutsch. med. Woch., Aug. 24, 1911, p. 1546), by inoculation with 
pure cultures of Spirochceta pallida from human syphilis, has produced the disease 
in rabbits and recultivated the spirochaetse from the testicular lesions. He, there- 
fore, asserts that the chain of proof of the etiologic significance of the Spirochccta 
pallida in the production of syphilis is complete. He also states (Munch, med. 
Woch., Aug. 15, 1911, p. 1769) that it is an error to designate the micro-organism 
of syphilis as spirillum. The proper names are Spirochata pallida (Schaudinn), 
Spiroch<eta luis (Hoffmann), and syphilis spirochaeta (Hoffmann). 

2 Jour, of Infect. Dis., 1910, No. 8, p. 18. 

8 Miinch. med. Woch., July 11, 1^5, p. 1321, and Jan., 1906, p, 63. 
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hard chancre^ at the point where the virus first gained admis- 
sion. The period of time (incubation) which elapses between exposure 
to the virus and the appearance of the chancre averages twenty-one 
days, but it may extend from ten to sixty days or longer. Transporta- 
tion of the virus to the neighboring lymph-glands produces an alteration 
of these structures — ^generally within a few days after the appearance 
of the chancre — which is designated as buboes. From here, after 
the manner of metastasis formation in tumors, the poison is distributed 
throughout the system and affection of remote parts and the internal 
organs occurs.- The primary Ic'^ion, therefore, forms a focus 
of infection for the same body and also a point of contagion for 
other individuals. The time which elapses between the appearance of 
the primary lesion and the secondary phenomena (average from 
forty to forty-five days) is consumed by the virus in order to increase 
and disseminate in the body. The primary focus — the hard chancre — 
corresponds in its histologic characters and course to a gumma nodule. 

By lues hereditaria tarda is understood that form of hereditary 
syphilis in which the sul)ject for a long time after birth — up to puberty 
and even beyond — may be latently syphilitic, then manifest symptoms 
belonging to the late period of syphilis. It is manifested chiefly by 
osseous deformities, parenchymatous keratitis, arthritis, and involvement 
of the glands. 

In bone, hyperplastic as well as gummous formations occur. These 
develop, on the one hand, from the periosteum, and on the other 
from the bone-marrow, namely, from the spongy portion. Simple 
and gummous periostitis begin principally in parts where the 
bone lies near the surface (beneath the skin) and is especially subjected 
to external influences (blows, friction, chilling, etc.). The products of 
simple periostitis <lre exostoses and hyperostoses. 

In the long tubular bones, most frequently the tibia, quite marked 
swellings may thus develop which, at first, are sclerotic, but later are 
usually converted into cancellous structure. Although this simple peri- 
ostitis has no specific character, it is, nevertheless, in certain cases, classed 
with syphilis, because experience has shown that specific gummous peri- 
<‘stitis also* begins as simple periostitis, and that, in addition to gummous 
U)rmations, exostoses and hyperostoses almost invariably develop as a 
product of simple irritation. (See Fig. 283.) 

Gummous periostitis generally begins in the deeper layers of the 
periosteum, most frequently upon the frontal bone, and leads to the 


^French: chancre ; German : schankcr; Latin: cancer. • 

^Furthermore, amyloid degeneration occurs as a nonspecific change, which in 
^ cases is diagnostic of sypfilis. 


as 
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formation of more or less soft or hard gummous tumors. In the first 
case a rapidly i)roliferating soft tissue is produced which has a tenacious, 
sticky character, consists of a colloid, partly fibrillated basement sub- 



stance and of small and large round and 
spindle-shaped, proliferated cells which 
usually possess a large, strikingly bright, 
almost homogeneous nucleus. In the other 

case the basement substance is fibrillated, 
quite dense; the cells yre round, spindle- 
shaped, or stellate- formed. Jn addition to 
very early, progressive but incomplete retro- 
grade fatty metamori)hosis, these gummata 
undergo partial caseous transformation, 
whereby the nodules acquire a yellow, 
opaque, nontransparent ap])earance. These 
dead masses may persist for a shorter or 
longer time, but finally disappear by absorp- 
tion. As the uppermost osseous lamellae 
also are involved in the process in periostitis 
gummosa, a depression which sometimes 
extends deep into the bone occurs in this 
locality as a result of absorption. On 
maceration, such bones appear roughened 
as if suppuration had existed. vSince, how- 
ever, suppuration is always absent, the 
process is called caries sicca. The diagnosis 
is often facilitated by the fact that gummous 
formations, exostoses, and hyperostoses are 
to be found in the neighborhood of the 
depressions. 

Osteomyelitis gummosa starts in the 
spongiosa. Here also gumma formation, 
fatty and caseous degeneration, and, finally, 
necrosis of the altered osseous tissue occur. 
Condensations always develop in the neigh- 
borhood as the re.sult of osteosclerosis. 


Fig. 283. — Syphilitic hyper- 
ostosis of the left femur. Re- 
duced %. (After Ziegler.) 


In congenital syphilis a pathogno 
monic change of the chondro-osseous junc- 
tion — an osteochondritis syphilitica — is fre- 


quently observed, which appears as a yellow-white line at the epiphysodia- 


physeal junction*. This line corresponds in its position to the “zone of 


provisional calcification.” (See Fig. 284.) In healthy children the latter 
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forms a very small, scarcely visible line of demarkation between the 
epiphysis and diaphysis. This small zone is transformed by hereditary 
syphilis into a broad, distinctly visible line which likewise consists of 
calcified but dead cartilaginous tissue, for the calcification occurring in 
syphilis is a definite variety, a kind of petrification wliich corresponds to 
a necrotic process. The dead cartilage excites proliferation in the neigh- 
borhood, which, under certain circumstances, may lead to complete dissec- 
tion of the cartilage from the bone, so that a kind of fissure is formed 
between them. In the skin and mucous membranes, aside from the 
roseola, which is essentially a hypercmic phenomenon, chiefly gumma- 
tous formations develop which, in contradistinction to the periosteal 
growths, are characterized by great tend- 
ency to ulcerate, 'fo these belongs, first 
of all, the primary focus of infection. 

Hard chancre is a g u m ni a — granula- 
tion tissue — which disintegrates and forms 
an ulcer. Sometimes a vesicle first develoj)s 
which bursts and leaves a small wound sur- 
face which subsequently becomes infiltrated 
and indurated. Tlie surface of syphilitic 
ulcers secretes essentially disintegration 
products (not pus). The so-called phag- 
edenic forms have an especially eroding 
character and great disposition to necrosis. 

Of course, all chancres, even the soft varie- 
ties, manifest this tendency to a slight 
degree; hence the name chancre, from 
cancer. Guniniata similar to those at the 
primary focus of Infection may later apf>ear 
at various localities in the skin, especially in the scars of former ulcers. 
Sometimes true nodules, })artly solitary, partly in groups, develop in the 
skin of the forehead, the extremities, and the trunk. These also ulcerate, 
and, under ap]:)roi)riatc treatment, heal wuth marked stellate cicatri- 
cial retraction. 1 Those gummata which develop from old, in- 
durated cicatrices are usually very firm, hard nodules — so-called keloids. 

Condyloma latum (see Irigs. 283 and 28()) is an incomplete gumma 
which still preserves certain peculiarities of the matrix. It develops in 
localities with delicate epidermis, usually at the anus and introitus vaginae, 

a flat- rounded swelling of the cutis wdth enlargement of the papillae 
‘'md smooth epidermis covering. As a result of intense granulation 

^ Radiate scars upon the lips, apparently remnants of papular efflorescences, 

particularly characteristic of congenital lues. 



Fig. 284.-— Syphilitic osteo- 
chondritis in a 13-month-old 
boy. a, cartilage ; b, altered 
parts. The light line corre- 
sponds to osteochondritis ; 
downward, sclerosis of the 
spongiosa ; r, unaltered spon- 
giosa. Natural size. (After 
Langerhans.^ 
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formation, swelling, and loss of epidermis, this condyloma is converted 
first into a wet, then suppurating, and finally disintegrating, ulcer: true 
CO n d y 1 o m a t o u s ulcer. 

Similar condylomatous proliferations occur upon the 
mucous membranes, c.g,, at the margin and on the inner surface of 
the epiglottis; on the tongue, upon and on the under surface of the 
vocal cords; in the trachea, and in the bronchi. They are readily con- 
fused with simple hyperplastic states of the follicles of the pharynx, 
base of the tongue, etc., have a firm consistency and a pale, whitish-gray 
appearance. 

In intense proliferation, ulceration or even retrogression and ab- 
sorption occur, so that, r.ry., the follicles at the base of the tongue dis- 
appear and a smooth atrophy {atrophy Icrvis radicis linguce) of 



Natural size. (After pjg 286. — Condyloma latum ani. Section from Fig. 285. 
Langerhans.) X 8. (After Langerkans.) 


the base of the tongue occurs under cicatricial induration. In 
other cases chiefly the edges of the tongue are altered, or deep cicatri- 
cial bands develop which give to the surface of the tongue a lobulated 
appearance. (See Fig. 287.) 

Genuine condylomatous proliferations almost invariably ulcerate, 
at first forming quite flat ulcers, then gradually extending to the deeper 
tissues, which are destroyed by gummous proliferations. When the 
ulceration reaches the perichondrium of the laryngeal cartilage, a gum- 
mous or purulent perichondritis with necrosis and sequestration of in- 
dividual portions of cartilage develops; deep, sinuous cavities form 
which produce incontinence of the epiglottis and s t e fi o s i s as 
a result of cicatrization. The process frequently involves the vocal 
cords, producing hoarseness or aphonia. 

In the gastrointestinal canal gummous nodules are not very fre- 
quent, but they may form considerable tumors; they usually produce, 
through ulceration and cicatricial contraction, radiate scars which, 
in narrow canals, especially in the upper portion of the esophagus and 
rectum, seldomer in the ileum and colon, may result in narrowing 
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and strictures. Syphilitic ulcers in the rectum occur almost 
always in females : proctitis ulcerosa; they develop as the result of dis- 
charge of infectious exudate from the vagina during dorsal position. 
Simple thickenings or gummata develop in the neighborhood of the rec- 
tum, which disintegrate and involve the rectum. Purulent inflammations 
and abscesses usually co- 
exist, which rupture into 
the rectum and leave 
fistulous passages : para- 
proctitis apostematosa. 

In the lymphatic 
glands two changes are 
<liiferentiated : simple 
lymphadenitis, 
which develops in the 
immediate neighborhood 
of t!ie primary focus, 
sometimes resulting in 
suppuration, and sec- 
ondary indolent 
buboes, which are 
distributed over almost 
the whole body. These 
indolent buboes form the 
point of origin of a 
gummous lymphadenitis. 

The process begins with 
hyperemia and granula- 
tion proliferation*! this is 
followed by partial ret- 
rograde fatty metamor- 
phosis and inspissation, 
which result in the 
formation of small case- 
ous nodiiles, while the 
greater part of the gland 
undergoes fibrous induration. The glands remain enlarged, but do not 
exceed the size of a walnut. 

The syphilitic changes of the liver are perihepatitis fibrinosa re- 
currens, hepatitis interstitialis, and hepatitis gummosa. The latter is 
preceded by a partial, chronic, interstitial hepatitis, the product of sim- 
ple irritation, which produces cicatricial bands and trabeculae ; gummata 



Fig. 287. — Syphilitic cicatrices of the 
epiglottis and tongue. Natural size. (After 
Langerlians.) 
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secondarily develop in these. The point of predilection of this syphi- 
litic change is in the region of the suspensory ligament, Le., that part 
of the liver which is most often subjected to insults, traction, tension, 
etc. The gummous nodules are very variable in size, usually larger than 
tubercles, have a yellowish color and great density, and are usually not 
rounded but angular in outline. 

The characteristic form of syphilitic hepatitis is the so-called 



Fig. 288.— Section through a condyloma latum of the anus, a, horny 
layer of the epidermis; b, rete Malpighii; c, coriuin ; d, swollen horny layer 
infiltrated with round cells; e, swollen cells of the rete Malpighii; f, swollen 
and cellular infiltrated epithelium; g, cpithelia into the degenerated interior 
of which round cells have entered; h, granular coagulated masses; i, swollen 
cellular infiltrated papillary bodies; k, corium infiltrated with cells and fibrin; 

/, lymph-vessels; m, sweat-glands. X ISO. (After Ziegler.) 

lobulated liver, he par lobatum. (See Figs. 289 and 290.) In this 
condition both large lobes of the liver appear to be divided into a 
number of smaller lobes by deep, cicatricial furrows. In addition to 
this partial interstitial inflammation, a general, diffuse inter- 
stitial hepatitis is often observed which, however, possesses 
no characteristic signs of syphilis. 
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Perihepatitis is partly an accompaniment of interstitial hepatitis, 
partly an independent inflammatory process with exudation of fibrin. 
Ihe exudate results either in adhesions or, through organization and 



Fig. 289. — FIcpar lobatnm. Section through the liver. In the center a 
cicatricial band which divides the liver into two parts. Besides, five large 
gummatous nodules. K* natural size. (After Lanyerhans.) 



Fig. 290. — Hepar lohatum. Surface of the liver, a, gummatous nodules; 
b, cicatricial bands; c, small constricted lobuli ; d, gall-bladder. (After 
Lang er bans.) 

nnusually intense retraction (scar-like), in partial atrophy of tlie liver, 
cicatricial indentations occurring very early upon the .surface from 
shortening of the capsule. 
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In congenital syphilis there is sometimes only a simple 
interstitial hepatitis, more frequently, however, marked pro- 
liferation — the formation of miliary g u m m a t a — in which retro- 
grade fatty metamorphosis can usually be recognized, occurs in several 
localities. Large nodules which sometimes may be white and fibrous, 
sometimes reddish, soft, and richly cellular, are rarer. 

In the testes syphilis usually causes interstitial fibrous 
orchitis, a partial or general interstitial inflammation starting from 
the rete and the septa between the seminal canals, and terminating in 
fibrous induration. A proliferating periorchitis frequently coexists 
(sometimes also alone) in which the albuginea is indurated and often 
of cartilaginous consistency, or an exudative inflammation is present 



Fig. 291.— Syphilitic hepatitis in the newborn, a, richly cellular peritoneal 
connective tissue (longitudinal section through an artery) ; b, gland tissue 
infiltrated with cells. X 100. (After Ziegler.) 

which may result in adhesion and finally in complete wbliteration of the 
serous sac. 

Not infrequently hard, fibrous gummata of dry and somewhat 
yellowish appearance develop secondarily within the fibrous indurations 
of the testes: orchitis gummosa. The sequelae of these syphilitic changes 
of the testes are a s p e r m i a and sterility. 

Syphilis of the musculature also progresses as a simj51e inter- 
stitial — myocarditis inter stitialis — or as a gummous process: myocar- 
ditis gummosa. In the heart gummata are rarer than the fibrous and 
usually multiple indurations resulting from interstitial myocarditis. 
The largest gummata occur as spindle-shaped swellings of the long 
skeletal muscles in the region of their points of in.sertion; they consist 
of small-celled proliferation between the primitive bundles with transi- 
tion into amorphous, richly fatty masses: myositis gummosa. 
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In the vascular system (^aside irom the heart) gummatous forma- 
tions belong to the greatest rarities; on the other hand, thickening 
ot the walls of the small arteries is very frequently observed. This 
thickening consists in proliferation of the adventitia, which, 
secondarily, extends to the other coats and, in contradistinction to 
other syphilitic proliferations, is characterized by great permanency. 
Sometimes the involvement of the intima — the endoarteritis — is so 
marked that the lumen is almost completely occluded. As a result, 
apoplectic attacks may occur in the brain which, however, not infre- 
quently are rapidly and even completely compensated. In the large 



Fig. 292. — Syphilitic arteritis of the arteria fossae sylvii. a, enormously 
thickened intima; b, mcmbrana fcncstrata, at the left broken through; r, 
niuscitlaris ; d, adventitia ; c, cellular fibrous tissue ; /, cellular new formation. 

X 150. (After Ziegler.) 

• 

vessels, also ie.g., in the aorta), proliferations in the intima and aneu- 
lisnial formations are sometimes referred to syphilis. 

Gummata of the dura start citlier from the inner — meningeal — 
or the outer — periosteal — portion. The latter may occur as a diffuse 
]>rocess or as circumscribed external gummatous pacliy- 
niening*itis. This progresses as a gummatous periostitis, leads 
lo formation of exostoses, hyperostoses, gummata, and 
varies sicca. In diffuse external syphilitic pachy- 
01 e n i n g i t i s the external portion of the dura becomes a gramtla- 
lion layer which likewise undergoes fatty and caseous metamorphosis. 

addition, atrophy of the internal table occurs. Both the diffuse and 
circumscribed form are usually very soon followed by gummatous 
"^teomyelitis with necrosis and caries. At the same time chronic 
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thickening of the meningeal layer develops and, when the process ad- 
vances, adhesion with the arachnoid and signs of encephalitis occur. 

Meningeal gumniata of the dura are situated either flat upon the 
dura or more in the parenchyma. They are rounded, hemp-seed- to 
walnut- sized nodules with a fibrocaseous center and a fibrous or gray- 
translucent periphery. These nodules are found upon the convexity or 
in the neighborhood of the sella turcica, rarely in the falx. Internal 
hemorrhagic pachymeningitis or adhesion with the arachnoid usually 
coexists, and ultimately extension of the gunimata to the arachnoid and 
brain. 

Syphilis of the arachnoid sometimes begins with an arachnoiditis 
partialis fibrosa — i.c,, with induration and small gummatous, caseous 
deposits. In this condition the adjacent cerebral structure is either 
softened or sclerotic. Large gummata of the arachnoid (up to the size 
of a hen’s egg) develop at the base, namely, in the region between the 
optic chiasm, the pons and the crura cerebelli. When these large nodules 
exist, the brain and dura are always affected. 

Furthermore, there occurs at the base a pure syphilitic hy- 
perplasia of the arachnoid which is usually limited to the region 
of the optic chiasm and rarely extends farther. Quite soft growths, 
several millimeters thick and without retrogressive metamorphosis, may 
develop as a result of this proliferation. When the proliferation is 
extensive it almost always advances to the cortical layer and causes 
encephalomeningitis and atrophy of the cortex. ® 

In the brain chiefly gummata are observed. These are usually 
situated in the perij)hery, most frequently at the base, rarely in the 
interior. They start from cither the cerebral membranes or the neu- 
roglia. It is often very difficult to decide where the tumors originated, 
as they generally rapidly extend and involve neighbojing parts. Thus, 
it is not rare for the brain, arachnoid, dura, bones, and nerves to be 
simultaneously involved by the gummatous change. 

Gummata of the brain are situated chiefly in the periphery and 
the large ganglia. They are usually solitary nodules with a caseous 
center and a periphery composed of soft, gray-transparent, sometimes 
colloid granulation tissue. The surrounding brain substance* is some- 
times in a state of softening. These nodules may be very firm, almost 
hard, sclerotic, and inclose small caseous deposits. Then the line of 
demarkation between the brain is indistinct, and the process progresses 
more in the form of an encephalitis. 

In the spinal cord proliferations and gummata develop from the 
membranes in a manner analogous to the process in the brain and partly 
involve the spinal cord. The process in the nerves is quite similar. 
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In the eye small, soft gummata occur in the iris (iritis gum- 
mosa, q.v.). 

Syphilitic alterations of the lungs are found in congenital syphilis 
as well as in the later acquired form. White hepatization 
occurs only in congenital syphilis, and is caused hy intense proliferation 
of the alveolar epithelium. The epithelia are dislodged by the young 
proliferating cells, lie free in the alveoli, fill the latter more or less com- 
pletely, and are generally in 
an incipient slate of fatty 
metamorphosis. At the same 
time marked cellular prolifer- 
ation, which starts in the con- 
nective tissue, is frequently 
observed, and sometimes gen- 
uine gummata. 

In adults the syjdiilitic 
changes affect the interlobu- 
lar, peribronchial, subpleural, 
and pleural connective tissue 
and the bronchia. There is a 
g u m m a t (j u s b r o n c h i t i s 
which cannot readily be dif- 
ferentiated from piberculous 
processes. Sometimes two to 
four or more nodules, which 
lie in the central portion — 
not in the apices — are ol)- 
served in otherwise healthy 
lungs. The center of such a 
nodule is occujned by a bn)n- 
cluis, the lumen of which is 
greatly narrowed and the 
walls more or less swollen in 
fusiform , shape. The sur- 
rounding lung-tissue is not compressed, but gradually merges with the 
large nodule by a narrow, translucent, gray zone. The nodule consists 
of very firm, almost hard, sclerotic, gray-white tissue mottled with black- 
pigment inclusions. The center often contains a fatty-caseous, yellowish- 
white mass; this is distinguished from the caseous material occurring in 
the lungs in tuberculous processes by its firmer consistency and the quite 
J^mooth, slightly glistening cut surface. At the junction with the lung- 


a 



Fig. 293. — Interstitial interlobular fib- 
rous pneinnonia witli cica^'•lcial contrac- 
tion of the pleura at various points, a, 
interlobular strongly thickened connective- 
tissue bands ; h, the same with stellate 
cicatricial retraction ; r. Iniig-tis.sue contain- 
ing air. Natural size. (Aitvr Langerhans). 
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tissue it is seen that not only the connective tissue, but also the lung-tissue 
itself — the alveolar structure — is the matrix of the granulation layer. 

Another change is a chronic interstitial pneumonia 
without formation of gummata. An increase in the width of the lobu- 
lar septa and progressive induration of the lung parenchyma occur as 
a result of proliferation and swelling of the connective tissue. The 

connective tissue in the neighborhood of the vessels and bronchi also 
is involved, often to a marked degree, so that the bronchi appear to be 
surrounded by a wall of dense, grayish-white connective tissue: peri- 
bronchitis intcrstitlalis fibrosa chronica. Wherever the interlobular 
process reaches the pleura, the latter also is indurated and usually 
cicatricially contracted, so that the surface at that point is dense, firm, 
radialely scarred, and somewhat flattened. 



Fig. 294. — Interstitial pneumonia and three gummatous nodules. 

Natural size. (After Langerhaits.) 

In the uterus syphilis quite frequently produces a fibrous 
endometritis. The mucous membrane is thus completely de- 
stroyed and transformed into a fibrous, wdiitish mass of connective tissue 
with smooth surface. This change is usually most marked immediately 
above the internal os. 

Gummata not infrequently occur in the spleen. Chronic, quite 
dense, and often markedly pale spleen-tumor is almost always ob- 
served. Sometimes firm cicatricial bands run transversely through the 
spleen. 

Partial hyperplasias of the interstitial connective tissue are char- 
acteristic of syphilis of the kidneys. This change occurs in the 
form of multiple interstitial nephritis, and by subsequent 
contraction results in the formation of smaller or larger scars — cica- 
trices renum — which possess great resemblance to the scars occurring 
after hemorrhagic infarcts. Therefore, differentiation may be difficult 
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when valvular lesion of the heart coexivSts and no fresh proliferations 
are demonstrable. The recent hyperplasias at first appear as small, pale, 
gray-translucent foci; later, as more gray-white or grayish-red, slightly 
depressed areas. These scars usually affect only the cortical substance. 
Giimmata are rare in the kidneys an<l usually (luite small. 

Malignant syphilis, owing to the great diversity of opinion among author- 
ities, cannot be sharply defined. According to Lesser, it includes all cases mani- 
festing a more or less acute character and in which rccidives occur in rapid suc- 
cession; the secondary period is absent or very brief; tertiary manifestations 
appear early in the form of cutaneous ulcerations which, in contradistinction to 
ordinary tertiary syphilis, are usually more diffusely distributed over the body, and 
most frequently assume a circular, rarer a serpiginous, character. As a rule, these 
ulcerations do not, as in ordinary tertiary syphilis, originate from genuine gumma- 


Fig. 295. — Alterations of the lungs in congenital syphilis, a, richly pro- 
liferating stroma; b, richly cellular granulation foci; r, artery with thickened 
adventitia; d, di,*gland-like bronchi which in part (di) contain desquamated 
epithelia and round cells; r, eu alveoli which in part (eO contain desquamated 
epithelia and round cells. X 40. (After Ziegler,) 

tous infiltrations, but from papulopustulous efflorescences which Undergo simple 
disintegration. The general disturbances, especially fever, are more marked than 
in ordinary syphilis. Severe destructive alterations of the internal organs, nerves, 
osseous system, and mucous membranes analogous to those of tertiary syphilis 
are not infrequent even in the early stage. In spite of the frequency of the 
relapses and the severity of the local affections, complete recovery may result in 
the course of years, provided death does not result from injury of an important 
organ or from affections to which the greatly debilitated organism can offer 
no resistance. 

Etiology. — It is not due to the intensity of the virus, for both benign and 
malignant syphilis may arise from the same source of infection, and the case from 
which a malignant form may develop need not be malignant in type. That there is 
some form of predisposition is undoubted, but its nature is still unknown. The 
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ordinary predisposing factors, such as alcoholism, tuberculosis, anemia, and gen- 
eral debility, are unquestionably of great importance, but they are not the decisive 
factors, since it is by no means rare for vigorous individuals to acquire it. Finger 
has drawn attention to the fact that individuals of generations that have long been 
comparatively free from syphilis acquire this severe form. On the other hand, 
according to the experimental investigations of Ehrlich, it is questionable in how 
far immunity to infectious diseases is transmissible; in syphilis especially, Profeta’s 
law of immunity is scarcely applicable, or at most only in the first months of life, 
and thus far we have much less support for the assumption that corresponding 
inheritance in the organism still can be transmitted to further generations. 

A. Buschkei was unable in 23 cases to find Spiroclicrta pallida in the typical 
developed ulcerative secondary efflorescences, cither in sections, with the Giemsa 
tnethod, or the dark field apparatus. Most authorities explain the nonoccurrence 
of spirochaetae in the lesions of tertiary syphilis by the assumption of the existence 
of a still unknown developmental form of the spirochaetae. 

Haslund distinguishes bctw'cen galloping and malignant syphilis. In gallop- 
ing lues severe tertiary affections very rapidly develop in the internal organs, upon 
the mucous membranes and skin, and sometimes death occurs in the early stage, 
while in malignant syphilis only the skin and mucous membranes are affected, and 
the cutaneous lesions are to be regarded not as tertiary, but as secondary. Accord- 
ing to Neisscr, malignant syphilis is characterized by early localization in the 
internal organs, or the acute course is aggravated by complication with other 
affections. The views of other authorities, such as Mauriac, Fournier, etc., waver 
between these various conceptions. A few authorities distinguish as malignant 
syphilis those cases which are with difficulty or not at all influenced by mercurial 
treatment. This distinction, however, is inadmissible, because in the course of the 
disease in the same individual the reaction to mercury may vary. BuschkeS differs 
from Lesser only in so far as he does not regard the disease phenomena as tertiary. 

VARIOLA, SMALL-POX. 

Small-pox belongs to the acute, contagious, general infectious dis- 
eases. The incubation stage is about two weeks. The contagium vivum 
is still unknown.^ Probably the infectious agent first enters the blood- 
channels. After a febrile prodromal stage of about four days, the skin 
aflPection, the variola exanthema — a characteristic efflorescence — 
appears, first upon the face, later on the trunk and extremities, in the 
form of small, hard nodules or papules, the size of a millet seed and 
larger, with strongly reddened fhyperemic) periphery. The nodules are 
converted into pustules by the formation of fissures an'd cavities 
resulting from intense edematous imbibition of the epithelium. The 
nodules first contain serum; later, when the edema increases and emi- 

1 Berlin, klin. Woch., No. 1, 1911, p. 9. 

2 Loc. cit., p. 6. 

^C. Fracnkel (Krchl and Marchand's ‘‘Handb. d. allg. Path.,” Bd. i, 191)8; 
*‘Allg. iFltiolog.,” p. 330) is inclined to accept as the cause of variola the so-called 
parasitic cellular inclusions minutely described by Guarnieri, in 1892, and further 
exhaustively investigated by von Wasielewski, in 1902. 
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Pig. 296. — Mild discrete small-pox in an unvaccinated girl. Note absence of 
lesions upon the trunk. (After /. F. Schamberg.) 
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gration of leucocytes occurs, pus is present and sometimes blood. The 
surface of each pustule acquires a characteristic central depression (um- 
bilication), the depth of which depends upon the degree of suppurative 
involvement of the rete and cellular necrosis ; usually only the epidermis 
and the uppermost layer of the rete are affected. If the pustule is not 
ruptured, desiccation begins about the twelfth day. Brown scabs de- 
velop, after exfoliation of which reticulated scars can be seen wherever 

the suppuration had attacked the true cutaneous tissue. Not infrequently 
there is intense inflammation and tissue destruction also in the papillae 
and the superficial layer of the cutis, which result in necrosis and retracted 
whitish cicatrices : pock marks, “pitting.'' 

Hemorrhagic variola, black small-pox, belongs to the severest 
cases; it is distinguished from the other form by the fact that, in the 
beginning of suppuration, hemorrhage occurs into the pustules. 

During the period of eruption, small swellings develop in the mu- 
cosae of the mouth, pharynx, and larynx ; seldom in the trachea, bronchi, 
esophagus, and stomach. These are not pustules, but only analogous 
formations — so-called papules — solid swellings, which sometimes have a 
yellow color and, therefore, may easily be mistaken for pustules. The 
papules, which are located in the mucous membrane and are covere<l 
with a soft, loosely adherent epithelial mass, are the seat of a diphtheritic 
infiltration, which usually is due to cocci and not the diphtheria bacillus. 
In each papule a diphtheritic ulcer develops: pharyngitis diphtherica 
variolosa. (See Diphtheria, p. 525.) 

The difference between the affection of the mucous membranes and 
the skin is that, in the external skin, owing to the denser and more 
resistant epithelial covering, especially of the stratum corneum, ulceration 
does not occur, but only pustulation. 

The majority of fatal cases of small-pox are dte to this diph- 
theritic pharyngitis and 1 a r y n g i t i s , and to pulmonary 
affections resulting from aspiration. 

CHICKEN-POX. 

In chicken-pox (varicella) small papules with hyperemic 
periphery develop, accompanied by moderate fever, after a febrile pro- 
dromal period of twenty-four hours. The papules terminate in vesicu- 
lation, and also in pustulation as in genuine variola; sometimes umbili- 
cation also can be noted. After a time, however, the vesicles desiccate, 
usually without resulting cicatrization. Varicella also belongs to the con- 
tagious infectious diseases, the etiology of which is unknown. It fre- 
quently occurs epidemicly. 
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So\'cr(‘ rase of scarK't fever, show ini; eruption at its Iieii^ht 
( After I'lM her ) 
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SCARLET FEVER AND MEASLES. 

Scailet fever (scarlatina) and measles (rubeola, mor- 
billi) belong to the contagious infectious diseases. Nothing is known 
as to the specific infectious agents.^ The characteristic changes in scar- 
latina and measles consist in hyperemia of the skin, which 

usually disappears with death. In the severe hemorrhagic forms the 
hemorrhages are demonstrable also after death. 

In scarlet fever the exanthema occurs in the form of count- 
less small, closely arranged, flat or slightly elevated, round or elon- 
gated, deep-red puncta or maculae, which are usually not larger than the 
head of a pin or a lentil, and surrounded by less intensely reddened 
zones. The eruption appears first upon the neck, quickly spreads over 
the trunk, upper arms, and thighs, and, finally, the whole body, the 
maculae becoming confluent and imparting to the skin a diffuse dark- 
scarlet color. In contradistinction to measles, the face is seldom in- 
volved, and when affected the region of the mouth and chin always 
remain free. (Leube.) The skin is also somewhat swollen. The des- 
quamation occurring on subsidence of the affection is partly bran-like, 
partly lamellar, in the latter form large sheets and even casts of the 
fingers and toes being exfoliated. Atypic forms of the exanthema are 
scarlatina papulosa (from this the vesicular form, scarlatina vesiculosa, 
develops) and hemorrhagic, or septic, scarlatina, in which 
blood is extravasuted into large areas of the skin. 

Scarlet fever is accompanied by catarrh of the upper respiratory 
passages, and often by a pharyngitis diphthcrica scarlatinosa (see Diph- 
theria, p. 525 ), pneumonia, and not infrequently also by a nephri- 
tis. A common sequela of the pharyngeal catarrh is otitis media, which 
often becomes chronic and results in deafness. Occasionally endocar- 
ditis is observed, and rarer arthritis. The nephritis begins after sub- 
sidence of the exanthema, usually in the third week, and is distinguished 
from the ordinary parenchymatous nephritis occurring in other infec- 
tious diseases by especial intensity of the change. At the acme of 
scarlatinal nephritis the very characteristic phenomenon is 
hemorr.hage. The hemorrhages usually occur into the glomerular 
spaces and lumina of the urinary tubules; sometimes, however, also 
into the substance of the kidney (parenchymatous hemorrhage). The 

1 By some authorities (Baginsky and others), streptococci are regarded as the 
etiologic factors. From the lymph of the axillary and inguinal lymphatic glands of 
7 cases of scarlet fever, Vipond (Arch, of PediaL, July, 1911, p. 564) has isolated 
a long, slightly motile, actively sporulating bacillus with rounded ends which stains 
variably with Gram's. Inoculation of the bacilli into monkeys and rabbits was 
followed by "typk scarlet fever, including the rash, enlarged nodes, and 
desquamation.” 

se 
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interstitial tissue is almost always involved to a certain degree, as can 
be recognized by the very marked relaxation, flaccidity, and laxity of 
the parts, whereby hemorrhagic scarlatinal nephritis is quite easily dif- 
ferentiated from other forms of hemorrhagic nephritis. Even when, 
as sometimes occurs, the hemorrhages are either entirely absent or so 
slight that they are easily overlooked, scarlatinal nephritis has, in many 
cases, something peculiar. In addition to the flaccidity already men- 
tioned, the distinguishing feature is often a very marked degree of suc- 
culence, and sometimes — not always — a peculiar pale, almost white, 
marrow consistency, and frequently enormous swelling. In many cases 
these phenomena are due to intense emigration of round cells into the 
stroma, without abscess formation. When death does not take place, 
fatty metamorphosis of the renal epithelia occurs — in the stadium 
decremcnti — from which granular atrophy may develop. Rarely scar- 
latinal nephritis is followed by a pyelonephritis apostematosa. Besides, 
there is always more or less intense swelling of the spleen — 
large, fresh spleen-tumor — sometimes splenitis lobularis, and frequently 
suppuration of the cervical lymph-glands. 

Icteric discoloration of the skin is almost constantly present in scarla- 
tina, most marked at the acme of the eruption, and then gradually declines. 
Urobilin and its chromogen are almost constantly present in the urine, 
usually most abundant about the fifth to the sixth day of the disease. 
Excretion of bilirubin is rare. Icterus and urobilinuria are probably 
closely associated. They are referable, on the one hand, to injury to the 
liver and, on the other, to increased disintegration of red blood-corpuscles 
in the skin. Thyroiditis is a rare complication. 

A comparative study of old and recent statistics by NageU shows that scar- 
latinal ear affections have decreased in number and the character of scarlatina has 
become less malignant in recent years. Nagel’s statistics includi: 750 cases. Middle- 
ear involvement occurred in 23 per cent., simple acute nonperforative catarrhal 
otitis media being most frequent, acute middle-ear suppuration, which generally 
was unilateral, occupying the second position. In 11.2 per cent, of the cases of 
middle-ear suppuration mastoid involvement, necessitating operation, occurred; 
only 1 of these cases, which was complicated with sinus thrombosis, terminated 
fatally. The prognosis of scarlatinal ear affections quoad functionem is unfavor- 
able: in 81 per cent, of the cases there was permanent injury of heaving. In 2 
cases labyrinthitis resulted from middle-ear suppuration without separation of 
continuity, simply as a result of migration of the inflammation through the dis- 
eased annular ligament of the stapes and the membrane of the round window. 
Aside from these two observations no parotitis, or sequestration of the labyrinth, 
or facial paralysis occurred among the 750 cases. 

Smiths has collected from the literature 4771 preventive inoculations against 

1 Zeitsch. f. Ohrenhlk., Bd. 57, H. 2 and 3, p. 157. 

2 Boston Med. and Surg. Jour., 1810, clxii, 242. 
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scarlatina with a vaccine made from a bouillon culture of a streptococcus 
isolated from a case of scarlet fever and killed by heating to 60® C., according to 
the method described by Gabritschewsky.i These vaccines were used in epidemics 
of scarlatina in which from 15 to 70 per cent, of the uninoculated were attacked 
with the disease. None of those that had received 3 doses of the vaccine was 
affected ; of 2737 others who had received 2 or mr^re vaccinations, only 2 were 
attacked. Most of the cases that had received vaccine treatment ran an exceedingly 
mild course. Three injections of the vaccine are supposed to confer immunity for 
about one and one-hal f years. 

C. Pastia- describes as a sign of scarlatina a very marked linear exanthema, 
at first rose-red, later wine- red, upon the flexor surfaces of the elbows. Usually 
there are several (2 to 4) such lines, between which the skin manifests the ordinary 
scarlet coloration. They occur early and disappear slowly, leaving a pigmented 
line. Apparently the lines are minute ecchynioses. The author regards this symp- 
tom as of much greater diagnostic significance than Koplik’s spots in measles. 

In measles there is an acute catarrhal affection of the 
nose, conjunctiva, and upper air passages: rhinitis, con- 
junctivitis, laryngitis, tracheitis, acute catarrhal bronchitis, which very 
probably stands parallel to the cutaneous exanthema. This acute catarrh 
often results in bronchopneumonia and frequently extends through the 
Eustachian tube to the middle car, and produces a purulent otitis 
media. 

The incubation period is about ten days, and tlic prodromal stage 
from three to five days. The exanthema accompanied by fever, occurs 
first upon the forehead and teni|)les and soon extends tt) the neck, trunk, 
shoulders, and extremities. It appears in tlie form of roundetl, discrete, 
flat or slightly elevated, bluish to yellowish-red s])ots the size of a lentil 
and larger, which blanch on pressure, showing yellowish maculse (mor- 
billi Iccves), or fine red papules limited to areas corrcs]>onding to the 
follicular openings develof) (morbilli papulosi). The exanthema attains 
its acme on the first or second day after eruption (about the fifth to 
sixth day of the affection), remains at this stage for from twelv^e to 
twenty-four hours or less, and then fades, leaving yellowisli or brownish 
maculae. This is followed (beginning of the second wxek) by bran-like 
desquamation, sometimes accompanied by intense pruritus, and often 
continues for fourteen days from the time of eruption. \ esicular, con- 
fluent, and hemorrhagic forms also occur. 

Koplik's spots upon the oral mucosa — pun cti form or stellate red maculae, 
from six to twenty in number, rarely more, with a bluish, slightly elevated, rounded 
center — are often an early diagnostic sign of nicaslc*^. Biehler^ has examined more 
than 1000 cases of measles for this symptom and is convinced that the spots precede 


1 Centralbl. f. Bakt., 1906, xli, 719 and 844, 

2 La Tribune med., 1910, No. 46, p. 726. 

3 Arch. d. med. des enf., Jan., 1911. 
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the eruption and are pathognomonic. They are sometimes very pale and require 
careful examination for their detection. In the author’s cases the spots appeared 
as follows: 864 on the first, 42 on the second, 18 on the third, 12 on the fourth, 
4 on the fifth, 2 on the sixth, 1 on the tenth, day before eruption, and 3 had none on 
the second day after eruption. 

Sequelae are ulcer of the cornea, nephritis, gangrene, and tuber- 
culous meningitis and pneumonitis, the latter frequently the result of 

exacerbation of a latent tubercalous process. 

Rubella, Rbtheln, or German Measles. 

Rubella is an acute febrile exanthematous infectious disease, distinct from 
measles and scarlet fever, the incubation period of which is from ten to twenty- 
one days. Three-fourths of the cases occur between the months of March and 
June. It was described by Bergen, in Germany, in 1752, and in England, by 
Maton, in 1815. While it occurs most frequently in young children, it is observed 
in older children, adolescents, and rarely in infants a few days old. In most in- 
stances the eruption is the first manifestation; sometimes this symptom is preceded 
by moderate fever (100® to 101° F.), slight catarrhal symptoms, and rarely by 
vomiting. Tumefaction, but not suppuration, of the cervical and mastoid lymphatic 
glands is the rule, and occasionally other superficial lymphatic glands are involved. 
The eruption, which begins on the face in the form of discrete, pale-pink 
spots, rapidly spreads over the body, where it usually is confluent. At first it 
resembles that of measles, assuming a scarlatiniform character by the second day, 
and generally disappearing after the third or fourth day. Desquamation, 
which may be absent, is of the branny t)q)e and is more profuse than in measles. 
The etiology is unknown. 

WHOOPING-COUGH (PERTUSSIS). 

Whooping-cough, tussis convulsiva s. strangnlans, s. pertussis, 
is an infectious (through the sputum), contagious affection of the air 
passages, characterized by a peculiar paroxysmal, convulsive, stridulous 
cough. There are usually found, anatomicly, in addition to mild tracheitis 
(with very tenacious mucus upon a reddened and slightly swollen mucous 
membrane), bronchitis and bronchopneumonic foci. Lymphocytosis is 
said to be a characteristic feature in the early stage. ^ As improvement 
sets in, the polymorphonuclear leucocytes increase and eosinophilia is 
present. Statements regarding the contagium of this disease q.re insuffi- 
ciently confirmed.^ 

There are three stages of the affection which are more or less dis- 
tinct. The catarrhal stage not infrequently begins with coryza, 

iBarach. Brit. Jour, of Child. Dis., May, 1910, p. 235. 

2 The Bordet-Gengou bacillus of tussis convulsiva has lately been rein- 
vestigated by Menschikoff (Ref. Der Kinderarzt, May 5, 1910, p. 108), who found 
this bacterium in the sputum up to the sixth to eighth week of the disease. More- 
over, the bacillus was agglutinated by the sera of pertussis convalescents. 
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conjunctivitis, pharyngitis, and laryngitis, and lasts for from eight to 
twelve days. In the convulsive stage, which lasts for from 
four to six weeks, the paroxysms of coughing increase in intensity and 
are accompanied by profuse secretion of tenacious glairy mucus, which 
often is tinged with blood. Epistaxis and subconjunctival hemorrhage 
not uncommonly occur, more rarely hcMiiorrhagc from the ear, due to 

rupture of the tympainmi. In the third stage {stadium dccrcmcnti) the 
paroxysms of coughing become less violent and give place to a simple 
catarrhal cough, witli more or less purulent expectoration, which lasts 
for from two to three weeks. 

Complications which may occur are i)nlmonary and cutaneous em- 
physema, ])neum()tliorax, bronchiectasis, otitis media, nephritis, tuber- 
culous pneumonitis, and tfccasioiiallv miliary tn])erciilosis ( from ])re- 
existing tuberculous foci). Hemorrhagic meningitis, eilcephalilis and 
myelitis, and polyneuritis rarely are observed. 

TYPHUS FEVER. 

Typhus exanthematicus, j) e t c c lii a 1 t y j) h u s ( t y p h u s , 

spotted, maculated, hospital, jail, ship, or putrid 
fever), is a severe e])idemic, conljigious, infectious disease of un- 
known origin,^ which resembles typhoid fever only in the depressive 
states of the nervous system. Typhus, or petechial, fever derives its 
name from the coiintlcss cutaneous hv])eremic foci and pcicchiic occur- 
ring uf)on the trunk, and especially the extensor surfaces of the extremi- 
ties; these are mucli more numerous than in typlioid fever. ICxcept the 
alterations occurring in tlie acute infectious diseases in general ( spleen- 
tumor, degeneration of the myocardium, etc.), typhus fever is accom- 
l)anied by no characteristic anatomic changes. Aside from otlier com- 
plications (pneunfonia, nephritis, etc.), a very violent acute catarrhal 
enteritis is sometimes observed. Tlie disease occurs jndncipally under 
e.specially unfavorable hygienic conditions, and is, therefore, called 
hunger typhus’’ and “war typhus.’’ 

Brill’s disease" is a fever of short duration in which the Widal 
reaction is absent and no specific micro-organisms have been found. It 
has been suggCvSted that it is a mild form of typhus, “'riic erruption, the 
abrupt beginning, the duration, the abrupt or ra])id ending and short 
convalescence, all point to an invading organism which is soon destroyed 
and does not linger for weeks or months like the typhoid bacillus.'* 

^ A diplobacillus which is agglutinated by the patient’s serum has recently 
been described by M. Rabinowitsch (Ccntbl. f. Bakt., Orig., Bd. 52, p. 173). Some 
authorities assert that the infectious material is conveyed by the bite of the 
body louse. 

2 Amer. Jour, Med. Sci., April, 1910. 
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ROCKY MOUNTAIN, SPOTTED, OR TICK, FEVER. 

Rocky mountain fever is an acute, noncontagious, infectious exan- 
thematous disease, the causative agent of which is unknown, occurring 
at an average altitude of from 3000 to 4000 feet in the States of Idaho, 
Montana, Nevatla, Oregon, and Wyoming, especially in the Bitter Root 
\^alley of Montana. It is said to be conveyed by the bite of a species 
of tick: Dcrmaccntor (salmoni) occidcHtalis^ (see Figs. 297 and 298) in 
a manner similar to African recurrent fever (q.v,). Statements assert- 
ing the etiologic factor to be a parasite, designated as Piroplasma Iwminis, 
invading the red blood-corpuscles have not been confirmed. Animal 



Fig. 297. — Dcrmacentor occidentalis. Male. Dorsal aspect. 

(After Castellani and Chalmers.) ^ 

experiments of Ricketts,- however, seem to indicate that the virus is inti- 
mately connected with the blood. The blood is deprived of its virulence 
by heating to 50° C, drying in vacuum for twenty-four hours, and filtra- 
tion through a Berkefeld filter. Ricketts and Gomez*'* found in the ticks 
and their ova enormous numbers of bipolar bacilli resembling the bacilli 
of hemorrhagic septicemia. 

The disease occurs principally in the spring and early summer, at- 
tacking persons of from 15 to 50 years of age who work in the open 
and are, therefore, exposed to the bites of ticks. The period of incubation 
is between three and ten days. The onset occurs either suddenly or after 

1 H. T. Ricketts, Jour. Amer. Med, Assoc., xlix, 1907, Nos. 1 and IS; Hi, No. 5. 

2 Ibid, 

^Ibid, 



ROCKY MOUNTAIN FEVER. 


567 


E variable prodromal period, with chill followed by high fever of remit- 
tent type, severe drawing pains in the limbs and muscle tenderness, 
articular swelling, epistaxis, and constipation. Icterus of mild or moder- 
ate degree is also present. In .severe cases gangrene of the fingers, toes, 
and scrotum may occur, and in fatal ca^^cs violent vomiting and lobular 
pneumonia. 

The fever readies its acme (39.5° to 41° C.l between the eighth 
and twelfth day, then gradually dedines, readiing normal or subnormal 
on the fourteenth to eighteenth day. Tlie temperature generally remains 
subnormal for a few dav'^ after decline of the fever. Consciousness is 
usually retained throughout llic affection, and even in fatal cases up to 
a few hours before death. 



1 )<Tiiiaccutor occidcntalis. FeinaU*. Dfirsal aspect. 

{ \ftcr CasU'llani and C luihncrs.) 

Irruption*. Mild case^ may ]>rogres^ witliout llie exanthema. 
Usually, ht>wever, it appears on the third day, first upon the wrists and 
knuckdes, then the arms, logs, forehead, liack, and chest, and last upi>u 
the abdomen. At first bright-red, pinhead- to ])ca- i>ized, nonclovaled mac- 
ulae are observed, wdiicli soon ])ecome darker, sometimes almost j)urple, 
giving a marbled appearance to the skin. After si.x to ten days the mac- 
ulae assume a petechial cliaractcr. Wliilc the eni[)tion begins to disap- 
pear with defervescence, remnants of it can he noted for weeks and 
months. Desquatiiation, which usually is mild, begins wdth convalescence 
and extends over the whole body. 

The blood shows reduction of tlic red Idood-corpuscles and in- 
crease of the leucocytes, especially the mononuclear forms. 

Convalescence may be very protracted (ten to twelve weeks or 
longer). 
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The mortality is high ; according to Scheube,^ about 70 per cent 
in 121 cases in the Bitter Root Valley region. Death generally occurs on 
the sixth to twelfth clay. In Nevada, Idaho, and Oregon the disease is 
not so severe as in Montana. 

CEREBROSPINAL MENINGITIS. 

Epidemic cerebrospinal meningitis {meningitis cerebrospinalis 
epidemka) is a purulent iiinammation of the arachnoid of the brain and 
spinal cord. The affection is generally regarded as a i)riniary (genuine 
or idiopathic) process, though on ciuestionable grounds, since the same 
causative agent often is found at the same time in the lungs, nasal and 
tympanic cavities, and, therefore, it should l)e designated rather as a 
transmitted or metastatic inflammation. The exudate is seropurtilent, 
fibrinopurulent, or purely purulent, follows the sulci and veins, and 
occurs most intensely at the base in the region of the ])ons, mctlulla, and 
spinal cord, while the ordinary purulent ineningitides occur chiefly upon 
the convexity. It sometimes extends along the vessels and j)ial sheaths 
into the brain substance, where it produces inflammatory edema and soft- 
ening (meningoencephalitis), and occasionally abscess. If it extends 
to the choroid plexus, the ventricles also become lilled with exudate. 

It is an acute endemic disease which may become epidemic. The 
causative agent of the epidemic form is the Diplococcus meningitidis sive 
intracellularis (Weichselbaum-Jager). bVankel’s Diplococcus lanceolatus, 
Staphylococcus aitrcHS, Streptococcus pyogenes and mucosits are found 
in the exudate of some of tlie sporadic cases and have fieen designated as 
the etiologic factors, though these j)robably are secondary infections. The 
Diplococcus ( meningococcus ) intracellularis, which in intracellular group- 
ing, morphology, and staining ])roi)erties resembles the gonococcus, vis 
observed chiclly in the exudate (often within the ])olynuclear leuci>cytes), 
but occasionally also in the circulating blood, in the. nasal cavity and 
accessory sinuses, and in the metastatic suppurations which not infre- 
quently occur in this disease. As in typhoid and diphtheria, there are 
also healthy “cocci-carriers.” 

CHOLERA. 

Cholera nostras, cholera morbus, cntcrocatharsis, and cholera 
infantum arc affections occurring usually in the hot summer months, often 
epidemic, which attack chiefly small children. They are acute disorders 
of the gavStrointestinal canal which, in their most violent forms, may so 
closely resemble the clinic course and anatomic findings of Asiatic 
cholera that the latter can be differentiated only by demonstration of the 
cholera bacillus. At necropsy on children there is found, in addition 

1 “Die Krankheiten der Warmcn Lander,” 4te Auf., p. 498. Jena: Gustav 
Fischer, 1910. 
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to slight swelling of the intestinal mucosa, only somewhat intense tume- 
.faction of the follicles and of the mesenteric glands. 

The cause of cholera nostras probably is not invariable ; at all events, 
the Specific comma bacillus does not occur in this affection. In cholera 
infantum it is very probable that the enormous increase of saprophytes 
occurring in the summer months in the milk employer! in the feeding of 

children results in decomposition and the formation of toxins, which 
suffice to produce all the phenomena. The Sliiga-Krnse l>acillus has been 
isolated from the feces in cases <»f summer diarrhea in infants. 

RABIES. 

Rabies, hydrophobia, lyssa, canine madness (water- 
fright), is an infectious disease, usually of rapid onset, which almost 
always terminates fatally, and is transmitted to man by the wolf, dog, 
fox, swine, cat, sheep, cow, etc. The centers of respiration and deglu- 
tition c^pecially arc attacked, resulting in spasms or paralysis. The 
period of incn])ation varies from Ion days to a year, pcrha])s longer, 
the average being alxjut one to two inontlu^. Two tyi)es are observed: 
an excited or furious form; a quiet, silent, or paralytic form. Except 
the Negri liodies described ])el()w, no characteristic anatomic or histo- 
logic changes are found at necnqisy ur in sections. The meninges, 
brain, and spinal cord are congested, and tlie ccrcl)rospinal fluid in- 
creased. Inlillration with round cells is observed around the motor 
nuclei of the ])orB and cord, constituting the “rabic tubercles” of Babes, 
which, according to this authority, are diagnostic. 'Hie peripheral gan- 
glia also .show degeneration. JCxccplionally the IjIooiI of rabic animals 
has been found to be pathogciiie. The 1)1 lhhI- and lung- juices of dogs are 
said to show a relative pulynucIeo>is, the blood showing 90 per cent. 
Noguchi^ cultivated very minute pleomorphic chromatoid ])odies, the 
smallc.st just vi^flde with a Zeiss apocliromalie 2 mm. lens. Round or 
oval nucleated bodies, 1 to 12 u in size, surrounded Iw a membrane also 
were obtained, which multi])lied ])y division or budding and exhibited the 
characters of protozoa. Inoculation of these bodies i)rodueed rabies. 
Experimentation has shown that the poison is connected })rinei])ally witli 
the nervous system, especially the sjunal cord. It is propagated from the 
nerve-endings along the nerve-trunks to the central nervous system, where 
it attacks and Anally destroys tlie nerve-cells. An extra- and intra- cellular 
t()xin also is said to be produced, to which, according to several authori- 
ties, some of the clinic phenomena are due. 

The virus^ of rabies is of two kinds: “street” virus and ‘‘Axed” 

^ Jour. Exp. Med.. 1913, xvii, p. 314. r. xt .re tr t x 

2*Tacts and Problems of Rabies,’’ A. M. Stimson. Bull. No. 65, Hyg. Lab. 
U, S. Pub. Health and Mar.-Hosp. Serv., Wash., p, 20. 
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virus. '^Street*' virus is virulent nervous tissue as met with in the nat- 
ural disease. Its virulence is very variable, and when inoculated sub- 
durally into rabbits it produces the symptoms of rabies at a variable 
period of more than fourteen days, as a rule. The ‘‘fixed’' virus is 
modified from the ^‘street” virus by passage through a long series of 
rabbits. *In this way the virulence is increased for these animals, so that 
they finally take the disease after a certain “fixed” period of incubation. 

This form of the virus, after attenuation by desiccation, is used in the 

Pasteur treatment. 

Negri ^ found within the nerv^e-cells in various portions of the cen- 
tral nervous system (cord, cerebrum, cerebellum, pons, basal ganglia, 
sometimes also in the spinal ganglia) of animals which had died of 
rabies sharply defined, round or oval “micro-organisms” { Xcu) oryctes 
hydro phohicc) from 1 to 23 average 4 to 10^, in diameter, which 
he considered to be sporozoa, with which view Golgi and Grassi concur. 
They consist of a mass of protoplasm containing inner bodies which 
segment and form “spores. “ They are of constant occurrence in all 
stages, and generally regarded as peculiar to this affection. Negri l)odies 
were found in all animals, whether they had died of the natural bv arti- 
ficially induced infection (bite of a rabid animal or laboratory experi- 
ment), but they were not demonstrable in normal animals or in such 
as had died of other infections, 'i'hey were (tl)serve(l also in brain- 
tissue that had undergone putrefactive changes or had been placed in 
glycerin. In subdural infecti(m they were found mlf^st frequently in 
Ammon’s lK)rn, within the cells or their protoplasmic j^rocesses. The 
bodies were not observed, liowevcr, in all porti(ms of the nervous 
system — a fact wliic'h led Negri to assume that the parasites probably 
occur in another form in these localities. Negri found these so-called 
sporozoa also in the brain of a wtnnan wlio had died ,of rabies. 

Keirle- states that these Inxlies of Negri have nr) causal relation to 
rabies, but arc only the large phagocytes (macrophages) of M. Metch- 
nikoff which remove worn-out nerve-tissue. 

GASEOUS EMPHYSEMA. 

Gaseous phlegmon, or emphysematous gangrene, is ^ phleg- 
monous process due to a specific bacillus. It is characterized especially 
by gaseous distention of tlie affected tissues, with which frequently are 
associated suppuration, gangrenous disintegration, the formation of 
large blebs filled with bloody serum, and the presence of a sweetish, 

1 Soc. med. chirurg. di Pavia, 24, iii, 1903 ; cited in Centbl. f. Bakt., Abt 
Referate, 1903, xxxiii, p. 613. 

2 “Studies in Rabies,” Baltimore, 1909, p. 328. 
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foul odor. Extension occurs by direct continuity, and in some instances 

may be so rapid as to cause death within from three to four days after 
infection. In pure infection the connective and muscular tissues are 
loosened and distended with gas, and elastic and crepitant on palpation; 
if, however, as often is the case, the bacillus is associated with other 
bacteria, c,g., pyogenic cocci, purulent inflammation predominates. 
Cloudy, thin-purulcut, foamy exudation occurs also in pure infection 
with the bacillus alone, c.cf.. in meningitis and peritonitis. 

The cause of gaseous phlegmon is the Bacillus acrogenes capsulafus (Welch), 
Bacillus phletjmouis cinp/iyscniatosfc (E. I’rankcl), a short, thick, obligate anaero- 
bic, encapsulated, nonniotile, spore-])earing, Grain-i>ositivc rod resembling the 
bacillus of anthrax and, like the latter, nftcii is arranged m chains. This micro- 
organism was independently disco\(*n‘d almost synchronoii.sly by Welch (1892) and 
E. Frankel (1893) — Ijy the former m connection with post-mortem gas formation in 
the blood within the heart and v(S'^els: by the latter in connection with gaseous 
phlegmon. In cultures it produces an intlammable gas comjxfsed of H, CO 2 , and N. 
Inoculation into certain animals (rabbits, guinea-pigs, etc.) produces “gaseous 
phlegmon.” The bacillus also mamfe.sts liemolvtic action. Outside the body the 
bacillus is found in the soil, dust, upon splinters of wemd, etc. 

The bacillus may gain admission to the body from the intestinal canal (through 
ulcers of the mucosa), or through cutaneous lesions, especially in complicated 
trauma. In infection of the gra\jd or puerperal uterus, it may enter the uterine 
cavity and distend this viscus with gas: tynipauia uteri, and also invade the fetal 
tissues and the walls of the uterus. Likewise, it may iiuade the urinary tract and 
also the tissues of the vagina (lymph-vessels) and produce gas cysts: colpohyper- 
plasia cysiica. Although the richly oxygenated blood ofl'ers unfavorable conditions 
for the development of the bacillus, it has been isolated from this source (in puer- 
peral infection, etc.). 

In certain cases at necropsy, especially after abdominal operations, many 
organs and tissues are found idled with gas vesicles or large bubbles and present 
the condition designated as ‘‘foamy organs,” i.c., emphysematous infiltra- 
tion of the parenchyma of the spleen, liver, kidneys, brain, the mucous membranes 
of the stomach, iirtestiuc, particularly the ileum, and the region of the urinary 
bladder, etc. If the bubbles are very small, they appear as minute, white puncta 
and may be mistaken for miliary pathologic foci: if they are large, the organs 
crepitate on palpation. The blood also, particularly in the veins, .:s frequently 
foamy. In these instances a gas- forming bacillus, most frequently the Bacillus 
aerogenes capsulatus, must have been present and rapidly spread to all parts of the 
body after death. The bacillus may enter from the bile passages, the intestinal 
mucosa, oV the genitourinary tract, but invasion occurs chiefly by the blood-channels. 
It is a question, however, how far invasion takes place during life, during the agony, 
or post mortem. Gas formation in the tissues may be due also to the Bacillus coU 
and proteus. 

Chronic gaseous emphysema, pueumatosis cystoides, is a form of gaseous 
emphysema which develops slowly and generally persists for a long time. A. 
Nowicki,! after examination of 7 cases of emphysematous colpitis and 3 cases of 


^Virchow's Archiv, Bd. 198, p. 143. 
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gais cysts of the digestive tract, concludes that separation of continuity occurs as a 
result of entrance of gas principally into the vessel and lymphatic spaces, and also 
into the true tissues. The gas vesicles, the characteristic constituents of vesicular 
emphysema, originate chiefly from lymphatic spaces formed by laceration of the 
tissues by the gas. The peculiar giant cells present are, according to this author^ 
derived from endothelium of these spaces; less often, perhaps, they may originate 
from the epithelium of the partio vaginalis. Of the origin of the gas the author 
speaks with reserve: he does not regard it as a product of anaerobic gas- forming 
micro-organisms. The development of gaseous emphysema is favored by circula- 
tory disturbances, especially passive h>Tercmia— for example, from cardiac insuffi- 
ciency — or by local causes, as in pregnancy (in the vagina) or in vascular occlusion 
clue to torsion, volvulus of the intestine, etc. The process may disappear in time, 
leaving only cicatricial thickenings of the attacked tissue. 



Fig. 299. — Vincent’s bacilli fusifornies and spirilla. (Lcitz oil 
immersion, 3i2; ocular, iv.) X KXX). 

A peculiar form of traumatic infection is hospital gangfene^ 
gangrerna nosocomialis, an inflammatory process, rapidly followed by 
gangrenous destruction of tissue, which may occur in connection with 
very small wounds, e,g., after leech-bites. In preantiseplic days it fre- 
quently resulted in death from general infection. The margins of the 
wound become gangrenous, putrid, and transformed into a dirty^, yellow- 
gray, discolored mass. 

The etiologic factor is assumed to be a large fusiform anaerobic 
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bacillus occurring in symbiosis with spirochcEtae. The bacilli are irregu- 
lar in size, from 6 to 12 ft in length and 1 to 1.5 ft in width, mostly 
straight, sometimes slightly bent, and frequently pointed at both ends: 
spindle-shaped; hence Bacillus fusiformis. They can be cultivated in 
fluid and solid media containing human blood-serum, upon which they 
grow slowly with development of a fetid odor. According to Gross and 

Graupner, the bacilli are motile, each bacillus, according to the latter 
authority, being provided with four flagella. It usually is Gram-nega- 
tive. Stained with carbol-fuchsin, numerous light points are seen in 
the interior which are regarded as involution changes. The spirochaetae 
are actively motile, very delicate, often very long, show numerous spiral 
turns, and stain faintly. They also can be cultivated upon the same 
media as the Bacillus fusifonnis. ( See Fig. 299.) 

The same findings — fusiform bacilli and spirochaetae — are observed 
in certain cases of ulcerative stomatitis, designated as Vin- 
cent’s angina or naut-P>ernheim ulcer (seep. 529), and 
also in noma (see p. 753), pulmonary gangrene, putrid pleuritis, 
dental and other abscesses, chronic otitis media, meningitis, suppurative 
periostitis, tropic phagedenism, in syphilitic ulcers, ecthyma, furuncles, 
phlegmonous processes, and in conjunction with the diphtheria bacillus 
in mixed cases of angina and diphtheria. It is observed also in otherwise 
healthy persons with carious teeth, upon tlie gums (dental tartar) and 
pharynx. Outside the IxhIv the bacilli are said to occur in the soil. 


MALIGNANT EDEMA. 

Malignant edema is really a disease of certain animals (guinea- 
pigs, mice, etc.) and very rarely is observed in man in connection with 
traumatism, es{>ecially in debilitated subjects. It is chiefly an affection 
of the subcutaneous tissue, manifested by progressive edema, putrid, 
gangrenous disintegration, and emphysema due to the development of 
a foul-smelling gas. The latter phenomenon is said not to be Vine to the 
specific bacillus described below, but to the Bacillus acrogencs, (See 
p. 571.) The fatal action is regarded as a toxic effect. 

The causative agent is a slender, actively motile. Gram-positive, anaerobic, 
J^as-forming, sporogenoiis bacillus {Bacillus a'dematis maligna), which often forms 
long chains. The spores are both central and polar. The bacilli are found in the 
lisease focus, generally associated with other micr ^-organisms. Outside the body 
bacilli or their spores are abundant in garden earth, street dust, etc. They are 
^oimd also in the normal intestinal contents, whence, in the unopened cadaver, they 
Miay enter the adjacent tissues and the blood. Pure cultures inoculated subcuta- 
"t'ously into guinea-pigs produce edematous sanguinolent infiltration of the tissues. 
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RHINOSCLEROMA. 

Rhinoscleroma is a very chronic, probably contagious, endemic, 
non-suppurative infectious granulation process (infectious granuloma), 
resulting in diffuse thickening, cicatrization, and stenosis of the respira- 
tory passages, which finally produce death by suffocation. In severe 
cases the whole larynx may be infiltrated and converted into a rigid 
stenosed canal. Membranous cicatrices also may develop. The disease 

generally begins in the nasal mucous membrane, extending slowly to the 
skin of the nose and upper lip, and to the mucous membranes of the 
nasopharynx, larynx, trachea, and, occasionally, also to the bronchi. In 
the larynx the lower portion usually is symmetricly involved. The 
changes are manifested either in the form of hard, grayish-white or 
pale-red, roughened, nodulated or lobulatcd elevations or as a smooth, 
diffuse, uniform infiltration. The neoplasms manifest a tendency to 
cicatricial contraction, producing irregularities and dense induration of 
the parts. The epithelial structures in the deeper parts of the affected 
areas undergo atrophy, while the superficial epithelium may proliferate 
atypicly or be transformed into the squamous variety (in the bronchi). 

Microscopicly, the neoplasms are composed of numerous small, 
round cells with which are mingled large spheric or oval, clear hyaloid 
(degenerated), so-called Mikulicz cells, which characterize the histologic 
structure. These Mikulicz cells, which are said to owe their morpho- 
logic characters to the action of specific bacilli, appeaV distended with a 
clear protoplasm' penetrated by a fine reticulum, and possess a dark, 
serrated, and often eccentricly located nucleus; they sometimes are 
grouped in large numbers beneath the epithelial covering of the mucous 
membrane. The scleromatous tissue not infrequently contains also quite 
numerous “hyaline cells,’^ i.e., cells inclosing so-called .Russell bodies. 

The cause of the disease is very probably the Bacillus rhinosclero- 
matis (von Frisch), which closely resembles Friedlaender’s pneumo- 
bacillus, and, like the latter, may possess a capsule. The bacilli are 
found in the affected tissues, especially within Mikulicz^s cells, and also 
in the adjacent lymph-glands. 

MUMPS. 

Parotitis epidemica, mumpSy cynanchc parotidcea, is a primary 
idiopathic, contagious, generally benign infectious disease occurring 
epidemicly and sporadicly, affecting children and young adults, chiefly 
boys. Infants and the aged are exempt. The affection generally pro- 
gresses with mild fever and is characterized by violent catarrhal inflam- 
mation of the excretory duct and acute serous or cellular inflammation 
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of the interstitial tissues of the parotid as well as of the surrounding 
structures. This causes a doughy, usually bilateral, swelling of the 
parotid gland and adjacent parts which, after a time (eight to twelve 
days), almost always returns to the normal state. Occasionally, the left 

parotid is alone or more markedly affected. Rarely, the other salivary 
glands (submaxillary and sublingual) are involved. The process rarely 

terminates in suppuration, gangrene, or chronic thickening. The affec- 
tion probably is caused by a small streptococcus which, very likely, 
enters from the oral cavity through Steno’s duct. Mumps sometimes 
produces a similar metastatic affection of one or both testes : 
orchitis parotidm, especially in adults, rarely in boys, and also of the 
ovaries, mamnije, and female external genitalia. The testis usually shows 
mild hydrocele ; rarely it atrophies. Parotitis has been observed also 
after ovariotomy. 

The epidemic form is distinguished from metastatic (sec- 
ondary) parotitis ( parotitis phlcgmonosa ) , which occurs in vari- 
ous infectious diseases (])yemia, diphtheria, scarlatina, Asiatic cholera, 
typhoid fever, etc.), streptococci and staphylococci entering from the 
mouth or in emboli, and usually terminates in suppuration, rarer in reso- 
lution. The process may originate also by propagation from an inflam- 
mation in the oral cavity or adjacent organs (lymph-glands, maxillary 
articulation, etc.). The inflammation generally extends to the surround- 
ing parts, and the whole region is infiltrated and intensely indurated. 
There is usually a purulent catarrh of Steno’s duct, often with occlusion, 
and cellular proliferation in the stroma of the gland. The interstitial 
tissue is frequently the seat of phlegmonous infiltration, and circum- 
scribed abscesses and sccjuestration of the parenchyma sometimes occur. 
Not rarely after breaking down of the fascia, cribriform perforation 
occurs through the skin, usually anteriorly. Occasionally, the inflam- 
mation extends to the facialis, causing paralysis of this nerve after heal- 
ing, or the inflammation, following the facialis, enters the middle ear 
(resulting in deafness) or along the trigeminus to the organs within the 
skull. Sometimes phlebitis occurs in connection with abscess, which may 
extend to the jugular and the sinuses at the base of the skull, especially 
the caverrious sinus. 


CORYZA. 

Coryza, rhinitis, catarrh or common cold, is a pronouncedly con- 
tagious affection, an acute catarrhal inflammation of the nasal mucous 
membrane, frequently accompanied by fever and headache. The process 
begins with hyperemic swelling of the nasal and neighboring mucosae 
(conjunctivae, etc.), followed by a partly serous, partly mucoid, exuda- 
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tion, to which gradually are added desquamated epithelia and leucocytes. 
The primarily watery secretion later becomes thick and viscid. The 

irritant action of the secretion causes swelling of the nostrils and upper 
lip, and sometimes erosions, which become covered with scabs. The in- 
flammation often extends to the adjacent mucous membranes, especially 

of the neighboring cavities of the nose, pharynx (Eustachian tube to 
middle ear), and larynx. 

The question whether coryza is always an infectious disease cannot 
as yet be answered with certainty. It is known that coryza occurs in 
‘'colds'’ of various kinds, on internal use of iodine, and also after the 
action of various mechanic, thermic, and chemic influences. The pres- 
ence in the normal nasal cavity of pathogenic bacteria (pneumococci, 
streptococcus and staphylococcus pyogenes, pneumobacillus, etc.), which 
ordinarily are locally harmless, is of importance from an etiologic stand- 
point, since these micro-organisms may acquire aggressive properties 
when the circulatory and secretory conditions of the mucous membranes 
are altered by any form of irritation. From this point of view a “cold” 
may be regarded as at least a predisposing factor in the development of 
coryza. One attack produces a greater susceptibility to new attacks. 
(See Influenza, p. 522.) 


PELLAGRA. 

Pellagra,^ maidism,^ Asturian leprosy, Alpine scurvy, is a chronic, 
usually nonfebrile affection characterized by cutaneous, gastrointestinal, 
and nervous manifestations which appear in the spring and summer, 
subside more or less in the winter season, and recur the following spring 
and summer. The remissions and exacerbations may recur annually for 
from ten to fifteen, even thirty, years or longer. The disease may run 
a rapid course and end fatally within from two to three years ; as a rule, 
however, it is an affection of long duration. While the disease may 
affect all classes and occur at all ages, from infancy (rare) to old age, 
it is almost always observed in field laborers between the ages of 20 and 
50 years. Jews are said rarely to be attacked. According to Sambon, 
it may be acquired in utcro. 

The malady is endemic in southern Europe, especially upper Italy 
(Lombardy, where, in 1881, the number of cashes was 56,000); north 
Africa, Asia Minor, India, Australasia, South America (Brazil, Argen- 
tina), West Indies, and Mexico, and within recent years has been 
recognized in certain parts of the United States. 


t Pella : skin, agra : rough ; or irA\a : skin, Aypa : seizure. 
^ Maidis: maize. 
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According to Sandwith, the disease appeared in the Old World about 1700, ^ 
witlj the introduction of American corn.- Frapolli, however, writing in 1771, 
states that it was described as early as LS78 under the name of Pellarelki, In 1762 
it was described in Spain as ‘'Mai dc la RosaP by Casal, who stated that the 
disease had been endemic in Ovidco since 1735 . In 1830 it was well known in 
France, and in 1833 it appeared in Koimuinia. and more recently in Hungary, 
Russia, Portugal, and the island of Corfu (1839). In the United States cases 
were reported by Tyler and Gray, in 18()4. and l)y Sherwcll, in 1883; its occurrence 
in this country being definitely established by Harris, in l'.>02. In 190(') an epidemic 
occurred in the Mt. Vernon (Ala.) State Hospital for (.'olored Insane, of which 
a most excellent description was given by Searcy/'^ and cases were later observed 
in a number of other Southern .States. Inquiries made in 1908 by C. F. Williams, 
Health OOiccr of the State of South Carolina, revealed that over 1000 cases of the 
disea.se had been recogni/cd in thirteen States, (»f which ahtmt 51 K") w'ere in South 
(’arolina, 250 each in Geortiia and \1ahama, 75 in \rwth ('arolma, and a lesser 
number in 1 ennessee, IMonda, and Mi.ssi.ssippi. ( uses lKi\e lieen reported also from 
New York (King’s Co.), Pennsylvania (Dixmonti, Kansas (Topeka and Parsons), 
and Illinois (( ook (.<>.). In August, 100*). abf>nt 175 easts were r)])serv^rl in the 
Peoria (III.) Statt' Hospital, and a few easts also m the Kigin (HI ) State Hospital. 
At the present time (1914), it may he stated that there reason to believe the 
disease exists in at least Jo Suites, ami tluit the lota! nuinlier of cases amounts to 
20 , 000 . 

I he atlection iiegiiis with general weakness, capricious appetite^ 
headache, vertigo, iiicntal liehetude. pain in tlie sj)ine and joints, and 
gastrointestinal disturbances (constipation, gastralgia, alxlominal disten- 
tion, eructation cjf gas, nausea, and vomiting). The tongue is at first 
coated, but later desquamation of the epitlieliuni occurs, prtiducing a 
reddened and raw appearance. 1'his condition often extends to the 
buccal mucous membrane, gums ( gingivitis ), i)alate, and esophagus, and 
is attended by profuse salivation and not infrc()ucntly mucous patches. 
The glims frequently arc swollen and bleed readily. 'Phe primary con- 
stipation suhscqifently gives place to diarrhea an<l in some cases dysen- 
tery, with which ainelxe often are associated, whether accidentally or 
etiologicly is still unsettled. As the disease progresses, disturbances of 


5 According to Castcllani and Chalmers (“Man. of Trop. Med.,” Wood & Co., 
1910, p. 9(X)), Ramazzini described the disease, in 1700, in his treatise: “Diseases 
of the Working Classes.” 

^ Cokjnibiis brought maize to Spain about the year 1520. Indeed, th^e is 
historic evidence that maize w'as cultivated in the Old World centuries before the 
discovery of America. A representation of the plant found in an ancient Chinese 
hook in the royal library in Paris and the alleged discovery of some grains of it 
in the cellars of ancient houses in Athens have led some to suppose that it is a 
native of the East. It is said, furthermore, that maize was brought to Spain by 
the Arabs in the thirteenth century ; that it had been cultivated from a very ancient 
period in the Asiatic islands (*‘Corn of Asia”), and that it was received then^ce into 
China, and so passed westw'ard into India and Turkey (“Turkey Corn ). Gerhard 
thinks it ciame from the East and was reintroduced into Europe from America. 

® Jour. Atner, Med. Assoc., July 6, 1907, p. 37. 
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the cerebrospinal system become manifest. In the terminal stages col- 
liquative diarrhea, great exhaustion, emaciation, paralysis, and stupor 
occur which end in death. 

A severe acute form, characterized by marked hyperpyrexia, delir- 
ium, trismus, torticollis, and opisthotonos, is described as “ pel- 
la a typhus,’’ which may cause tleath within a few days. 

The cutaneous disturbance (dermatitis), which appears quite 

suddenly shortly after onset of the disease, is erythematous in type, 

and manifest chiefly upon those portions of the skin exposed to the 
air and light — face, neck, arms, and hands, principally the backs of 
the latter, sometimes the palms, and also the dorsal surfaces of the 
feet in those who go barefoot, though covered parts (legs and chest) 
also may be involved. The dermatitis closely resemliles that caused by 
severe sunburn, and is accompanied by a sensation of burning, formica- 
tion, and pruritus, which are greatly aggravated by exposure to the rays 
of the sun; hence, the name: ‘'sun disease” sometimes applied 
to the malady. The skin is .sometimes swollen and tense, and small, punc- 
tate hemorrhages occasionally are ob.served. X'esicles containing a clear, 
cloudy, or blood-tinged fluid of alkaline reaction may develop and not 
infrequently rupture, leaving a weeping surface which may ])ccome in- 
fected and heal by scabbing. The erythematous areas are irregular in 
outline, usually darker at the periphery than in the central portions, and 
characterized by a remarkable symmetry, corresponding regions on both 
hands or arms or on both sides of the face or neck being involved to 
an almost equal extent. (See Fig. 300.) The eruption usually subsides 
in about two weeks, after which time desquamation, in the form of 
squamae, large flakes, or lamellae, occtirs, leaving the skin indurated, rough- 
ened, fissured, and brown in color. The pigmentation in some cases may 
be extensive and resemble in intensity the di.scoloration observed in Addi- 
son’s disease. The skin may also undergo atrophy and assume a parch- 
ment-like character. Bromidrosis is noted in some cases. 

A form of the disease without cutaneous lesions has been described 
as pellagra sine pellagra. 

The disorders of the nervous system are manifest by cerebro- 
spinal symptoms: sensory disturbances (paresthesias, hyperesthesia); 
increased tendon reflexes, especially the plantar and patellar, which are 
manifest at an early stage; muscular tremors and spasms; muscular 
atrophy; epileptic and cataleptic phenomena; hallucinations of vision 
and hearing; Babinski sign, especially in pellagrous dementia, but also 
in chronic pellagra without p.sychic disturbance. In the later stages 
general paralysis, mental disorders (mania, melancholia with suicidal 
tendency, especially by drowning, “hydromania”), and complete dementia 
supervene- 




580 


PELLAGR.\. 


Aside from atrophic, fatty, and pigmentary degeneration, the in- 
ternal organs show no specific changes post mortem. The intestinal 
mucosa is congested, and the lower portion of the ileum presents evi- 
dence of folliculitis. The colon frequently is the seat of ulcers which 
may perforate and cause death from peritonitis. Of 18 cases coming to 
necropsy in the Peoria (111.) State Hospital, 12, or per cent., pre- 

sented colonic ulceration. As protozoa ( ainehic, flagellata, and encysted 

forms) were found in the feces in 84.8 per cent, of the 175 cases 
observed in this institution, it is possible that the intestinal ulcerations 
were ameliic in origin. In the ncrv’ous system, leptomeningitis, perivas- 
cular round-celled infiltration, degeneration, and ])igmentation of the 
brain and spinal cells, and degeneration of the ])osteri()r and lateral col- 
umns of the spinal cord have been described, ('hanges are said regularly 
to occur in tlie suprarenal glands. Cultures from the blood, sjfinal fluid, 
and spleen are negative. Microscopic examinatifin of the 1)1 ood is 
said to sliow increase in the number of large mononucleated leucocytes. 

The etiology is obscure. It has been ascribed to syphilis, alcohol, 
insolation, bad water, garlic, etc. It has been compared to beriberi 
(see p. 581), in the belief that it is due to defective diet: insufficient 
proteid. I»y many authorities the disease has long been regarded as due 
to improperly cured corn, to the defectively prc})ared meal, or to toxins 
present in fermented corn. This view, however, is untenable, because 
the arcus of pellagra endcmicity and maize culture d() not correspond. 
Others state that the causative factors are s])ecies of aspcrgillus (,1. 
fumigatiis and flai'csccns) and pcnicillium (l\ (jhtiiciim) growing upon 
maize. Two species cT peiiicillium arc described, one of which is said 
to cause the chronic variety of the atfectifni, the other ihv subacute forms. 
The Aspergillus fumigatiis is said to ])r()duc' those syni])tonis charac- 
teristic of pellagrous ty])lius. These fungi arc suj)pfjsed to produce 
progressive intoxication through the agency of toxins liberated in the 
gastrointestinal tract, and the occurrence of the affection in the sj^ring 
and summer is explained on the ground that the Aspergillus fumigatns 
loses its toxicity in winter. Other investigators attribute the disease to 
toxins elaborated by the action of micro-organisms (Bacillus coli) upon 
corn foodstuffs in the intestinal canal, and also to autointoxication. 
Quite recently^ it has been stated that the malady is caused by a pro- 
tozoon transmitted by the bite of an insect: Simulium reptans (Sambon). 

According to L. Sofer,2 pellagra, like fagopyrism (the occurrence of 
pathologic alterations in white and spotted animals that have been fed on buck- 


1 British Medical Journal, May 21, 1910, p. 1255. 
^Die Heilkunde, Nov., 1910. 
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wheat and at the same time exposed to sunlight), belongs to those diseases in the 
development of which the influence of light seems to be necessary. Since the 
discovery by Tappeiner of the photobiologic sensibilisators, it is assumed that such 
substances play a role in tlic origin of pellagra. It is possible that a scnsibilisator 
is introduced into the body from without with the food and then manifests its 
action. Pellagra and fagopyrism probably belong here (exogenous sensibilization). 
Further, sensibilisators (endogenous sen&il»ilizatit)in originate in the organism. 
Probably both factors play a role in pellagra. Finally, it is possible that toxins arc 
formed under the influence of tlie sensibilisators. Experiments made by Rau- 
bitschek upon several hnndred white and colored mice showed that animals that 
had been kept in the dark were able to eiuhire without injury all forms of food, 
but that all white mice that received oidy maize or rice and were exposed to light 
emaciated and died. Animals that hafi already sickened under the influence of food 
and sunlight readily recovered when placed in the dark without change of diet. 
Ranbitschek, therefore, coneliuh's that feeding with maize of good or poor quality 
does not of itself exert pellagrogciKuis action, but tliat under the influence of light 
and i^repondcrance of maize diet a toxin develops, proliahly from the alcv’holic con- 
stituents of the grain. 


BERIBERI (KAKKE). 

licrilieri,^ or kakke { " l^alyfunntis rf>iiicwica'), is a ^i)ccific periph- 
eral neuritis,- charaeterized particularly by disturbances in sensation, 
motility, and circulation. It occurs among all classes and at all ages, but 
chiefly hetweeti the 1 3lli to doth year, in (/hina, Japan, India, Africa, the 
Philipi)ines, Panama, and other tropic and snlitrojiic countries. 

The history '»»{ knkke can be traced with certainty only to the sixth century, 
the word kakke not eoniing iiitf'* gfMicr.d nse until about 75d \ n In Japan the word 
was first used about tbe seventh cenuir>. The (arliest records of beriberi reached 
Europe about the seventeenth centnrv, but scientific investigation of the disease did 
not begin until about thirty years ago, when llaelz and Schenbe recognized it as a 
polyneuritis. 

Periberi and kakke wore shown by Scbeitbe, K. Miiira,*^ and the 
Japanese Commission to Patavia to be clinicly and palbologicoanatom- 
icly identic. Koch, however, was of the opinion tliat they are two etio- 
logicly diflferent diseases, because in his experience in Palayia and Africa 
the acute cases of hcriberi almost without exceinion died within a short 
time, while the mild aud slowly devcloinng forms took an entirely dif- 
ferent course. Nocht also ixyt^anls heriheri as a group of affections due 

^ According to K. Muira, the name beriberi has hitherto been referred to the 
TTindostani “beri” : sheep. Diirek. how'ever, (|notes llofTman, acc(»rdmg to whom 
the word *'beri" signifies to *’ fetter ’ or ‘‘shackle, becan.se beriberi patients walk 
as though they were fettere<l. The Japanese w'r»*d “kakke’’ comes from China and 
signifies “foot vapor” or “foot disease,” since it was assnined that a gaseous patho- 
genic agent first entered the legs. 

2 Recent investigations in Japan have showm that, to a certain extent, the 
•alterations in the nerves are mainlv secondarv to changes in the vascular system. 

® “Ergebnisse d, inn. Med. u. Kinderhlk.,” iv, p. 282. 
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different causes* Whether thfe socalled ‘‘epidemic dropsy” is iden- 
tic with beriberi is still undecided. According to F. Pearse, the two 
diseases cannot with certainty be ciinicly and pathologicoanatomicly 
distinguished, because both are accompanied by edema, cardiac dis- 
turbance, and affection of the peripheral nerves. Manson, however, 
claims that an eruption occurs in “epidemic dropsy,” which is not the 
case in beriberi. McLeod regards epidemic dropsy as a distinct disease. 

Disturbance of sensatioiL The hypesthesia in beriberi de- 
velops in four different regions of the body in the following order of 
frequency : — 

1. Upon the dorsum of the feet or upon the legs the hypes- 
thesia usually extends upward, sometimes only on the inner or on the 
outer side, more frequently, however, on both the outer and inner side, 
and apparently without accurately following the region of nerve distri- 
bution. The hypesthesia sometimes extends nearly to the inguinal fold, 
and peripherally toward the soles of the feet. 

2. In the finger-tips the hypesthesia generally begins in the 
ball of the finger, and, spreading to the wrist-joint, reaches the dorsum 
of the hand, forearm, and rarer the upper arm. Exceptionally, it starts 
from the dorsal surface of the thumb and remains for a long time 
stationary. 

3. In the region of the navel the hypesthesia begins with pref- 
erence during pregnancy or post partnm, but is present also in other 
cases. It extends upward, dome-like, toward the epiga?itrium and chest, 
and may ascend to about the second rib, wliile below it reaches the region 
of the pubis and inguinal fold. 

4. In the region of the in o u t h the hypesthesia begins in the lower 
and upper lips and remains limited to the outer skin and the red of the 
lips, or it spreads outward over the face. Sometimes, there is hypes- 
thesia of the eyebrows and scalp. 

The hypesthetic areas in the above-mentioned four localities are 
usually separated by more or less intact areas; rarely they merge. 
Paresthesia also is often observed in the hypesthetic areas. 

Disturbance of motility is first shown by heaviness of the legs, 
tension in the calves, and shaking of the knees. The patient* hobbles 
along, readily stumbles, and must aid himself with the hands. The 
ii^tor paralysis is followed by atrophy, and when the .edema disappears 
, emaciation becomes marked. 

Paralysis of the fingers and hands occurs in severe cases, and 
‘Ijeiierally is less frequent than in the toes and feet. In the severest 
^ paralysis neither the hand nor the fingers can be flexed dorsally. In 
cases the middle and ring fingers are flexed volarward, the index 
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and middle fingers remaining extended. If the paralysis lasts for some 
time, contractures of the muscles develop, shortening of the muscles 
of the calf and of the tendo Achillis being most frequent. 

In convalescents with paresis or paralysis of the dorsal flexors of 
the foot a typic gait is observed: The patient on lifting the leg lets 
the foot hang and touches the ground first with the tip; as the foot is 
loose in the joint, the gait of such a patient, observed from behind, sug- 
gests an effort to shake something from the foot. If, however, contrac- 
tion of the muscles of the calf exists, the patient walks, as in pes equinus, 
upon the toes without touching the ground with the heel. 

Of the muscles of the trunk, the scrratus anticus is most 
markedly involved; the shoulder-blades stand out like wings, as in pro- 
gressive muscular dystrophy. ( )f the cerebral motor nerves 
the facial, ahducens, trigeminus, vagus, and recurrens are most fre- 
quently paralyzed; rarer the hypoglossal. 

Disturbance of circulation. Ileriberi patients very early experi- 
ence, on slight bodily exertion, palpitation and, consequently, shortness 
of breath and distress in the chest. The heart sounds are increased, 
and, without evidence of congestion, edema appears in the lower ex- 
tremities. The frequency of the pulse (80 or 00 or more) and accentua- 
tion of the heart sounds increase from day to day; the radial pulse is 
moderately large, quick, and soft; the systolic sound at the apex is not 
pure, or, on further increase of heart action, assumes a peculiar tinkling 
character. Munhurs similar to those in JJasedow's disease and aortic 
insufficiency are heard in the peripheral arteries, especially the femorals. 
The blood-pressure in the early stage deviates but slightly from the 
normal; later there is slight increase to 120 or \30 mm.; finally, in 
unfavorable cases it falls below normal. 

The edcmaioccurs at first in the subcutaneous tissue of the lower 
extremities, sometimes in the muscles of the calf. A second point of 
predilection for the edema is the larynx, in which it often is manife.st 
when other parts of the body are not markedly edematous. Later, in 
markedly debilitated subjects the edema is general. 

The blood. Takasu found nucleated erythrocytes, especially in 
severe erases, in the acute stage; the number of erythrocytes and the 
amount of Hb are not decidedly below normal (usually 3,500,(XX) and 
85 per cent., respectively) ; of the leucocytes, sometimes the polymor- 
phonuclear neutrophiles, sometimes the lymphocytes, were increased. 
The leucocytes were increased to 18,000 in severe cases, the polymor- 
phonuclear neutrophiles generally predominating. 

At necropsy the heart is greatly dilated and hypertrophied; 
the auricles and ventricles contain large quantities of fluid and semi* 
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coagulated blood. The niyocardiitm is either normal or clouded. Micro 
scopicly, the heart muscle may be transformed into a homogeneous 
hyaline mass, and the muscle-cells dividefl longitudinally into a number 
of fine bands. 'Fhc papillary muscles present yellow striate and macular 
mottling. Aside from piinctiform hemorrhages, the endo- and peri- 
cardium are essentially intact. 

The lungs. i^Idc'ma and catarrhal pneumonia are frequent. In 

acute cases the capillaries are congested and protrude more or less into 

the alveoli, which are tilled with dislodgetl alveolar epithelia and round 

cells. 

Jn the larynx edema is very frequent, usually in the plica ary- 
cpiglottica and false vocal cords. Sometimes fatty degeneration of the 
muscle-fibers is observed. 

'Fhe liver is enlarged by congestitm anti j^rcsents the appearance 
of nutmeg liver. Hiere is often fatty degeneration in the center of 
the acini, while the periphery is usually free. Edema of ilie gall-bladder, 
which contains but little bile, is frequent. 

The spleen is only slightly enlarged and sliows no distinct change 
asiile from hyperplasia of the pulp and relative smallness of the Mal- 
pighian corpuscles. 

The mucous membrane of the gastrointestinal tract is 
cyanotic, due to engorgement of the veins in the snbmucosa and of the 
capillaries between the glands. The gland-cells arc well preserved. 
According to K. Miura,* infiamniatorv signs are lacking. W'right, how- 
ever, regards gastroduodeiiitis as constant, which Daniels denies. 

The kitlneys are congested, hut normal in size and weight. Cir- 
cumscribed clouding is seen in the cortical layer or columns of IJertini. 
The glomeruli are strongly congested and the epithelia of the con- 
voluted tulmles so swfdlcn as to render the Inmcn Intrely visilde; the 
epithelial cell-body is cloudy, but the nucleus distinct. The veins and 
capillaries between the straight tubules are dilated to the width t)f the 
renal tubuli. M. Miura usually found glomerulonepliritis, while Yama- 
giwa and Simmonds found parenchymatous changes. 

The n e r V ou s system. 'Fiie alterations of the peripheral 
nerves consist in disintegration of the medullary sheaths and axis 
cylinders; transformation of whole nerves f)r whfde secondary bundles 
into a richly nucleated protoplasmic mass. 1'his tissue is regarded by 
Raelz and K. Miura as colla])sed substance of Schwann with increase 
of the nuclei. Diirck has shown that the tissue belongs to nervous tissue 
and is not a secondary ingrowth of connective tissue. Quite recently 


J Loc. rif., p. 305. 
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alterations have been observed in the anterior and posterior roots as well 
as in the ganglion cells of the spinal cord. M. Miura, Tsunoda, Wright, 
and Diirck noted changes in the posterior column.s, and Roden waldl 
observed degeneration in Cu>irs and Burdach’s columns; Diirck noted 
changes also in tlie lateral cerebellar tracts. The brain almost always 
remains intact. 

So-called acute pernicious beriberi is characterized by the pre- 
dominance of llie circulatory and respiratory disturbances, vomiting, 
cyanosis, and jactitation. Several days betdre dealli the pulse becomes 
rapid, small, and weak; the hl()0(l-])ressure he^^ins to fall; the fingers, 
toes, lips, and ears become cyanotic; respiration is frequent and of 
greater amjditude. In addition, parahsis of the respiratory muscles, 
especially of the dia])hragui, (KTur^, and, finally, imlmoiiary edema or 
hypostatic catarrhal pneumtaiia and accumulation of transudates in the 
pericardium, pleura, etc., sujicrvenc. 

1 he etiology oi beriberi is still unsettled, fliere are two views 
as to the causation; 1. I'oxic. 2. Infectious, d'he adherents of the 
toxic thc(»rv ^eek the injurious agent in certain species of fish {scorn- 
berida], in badly jireserved or sjunled rice, or in preserved foods. It 
was assumed that oxalic acid formed in cooked rice and caused beri- 
beri; acconling to another view, there is in riee a substance, called 
a r s i 11 , which is toxic and is ncutrali/ed liy the addition of bran. 

Most autliuritics claim that the disease is due to defieiency of certain 
vitamines iu the food, since it u^'iially i^ seen (aily in those who eat as a 
staple article of di’et rice^ d(‘])rivcd of iis pericarp, which is rich in pbos- 
])boru<, es}>ecially soluble organic comiKUinds of tbal element ( p h y t i n ). 
It wa-iild seem that there .some basis for the belief tbal berlieri can be 
iiUnxluced by jiersons affected with tlie disease. According to Shimer, 
beriberi apjieared on the Isthmus of ranaina in 1SX7. with the imjiorlation 
of C hinese and African laliorers. The role of insects and vermin in the 
transmission of llie disease does not ajqH'ar to be well sup])orted. 

Beriberi in SUCkltngS is pnxlneed through the milk of beriberi 
mothers. The symplonis resemble tho.se oh.servcd iu herilicri in adults, 
i.c.^ vomiting, incTeased iniKe and respiration (witlumt fever and bron- 
chitic sym])toms), cvan(')sis, edema, arterial iminniirs, and enlargement 
of the heart. Disturbances sensation appear to be almost absent. 
Of iliotor disturbances, only aphonia, ptosis, and ])arosis of the soft 
Jialate have been observed. Consciousness is clear until a few minutes 
before death. Improvement occurs within from one to four days after 
weaning, and if the disease is not too far arlvanced the patient recovers 
within from three fourteen days. The phenomena of severe beriberi 
in nursing infants' occur not only in mild beriberi of the mother, but also 

^ Other {trtides of food are said to cause this disease. 
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at a time when she apparently is free of it. This is explained by the 
assumption that the supposed poison is drawn off by the suckling with 
the milk, so that the child j^ickens and the mother remains well. In 
other cases the mother sickens, while the child remains well, because 
the toxin produced by the mother is retained and very little or none 
enters the milk. This hypothesis has been supported by the experi- 
ments of Inagagis on the effects of beriberi milk upon the frog’s heart. 


YELLOW FEVER, BLACK VOMIT, AMERICAN TYPHUS. 

Yellow fever is an acute infectious disease, progressing with 
marked icterus^ and hemorrhages, caused by an unknown pathogenic 
agent transmitted by the mosquito- (Culcx fasciatus, Stegomyia calopus 
s, fasciata) in a manner similar to the mode of infection in malarial fever 
{q,v,). As far as is known, infected mosquitoes are the only medium 
of conveyance of the virus. The disease is endemic in the warm parts 
of the western hemisphere (W^est Indian Archipelago, a great part of the 
Mexican Gulf coast, I’razil, etc.), and also upon the west coast of Africa. 
It occurs epidemicly, especially in seaports or in cities situated on large 
rivers, and usually is confined to regions at or near sea level, though it 
has been observed in localities at an altitude of 3500 meters (11,480 feet). 
The period of incubation varies from one to thirteen days, depending 
upon the constitution of the individual; most frccjuently it is five days. 
To the marked icterus of internal and external parts the malady owes 
its name : ‘‘yellow fever.” 

The active virus is contained in the fresh and dcfibrinated blood and such a$ 
has been passed through a Pasteiir-Chanibcrland P» llltcr. Heating for from five 
to ten minutes at SS"* C. renders it inactive. It is said to be present in the living 
blood only during the first three days of the affection, since m<^\squitoes which have 
sucked blood from patients after the fourth or fifth day do not convey the disease. 
Like the malaria parasite, after entering the mosquito the virus requires from two 
to three weeks or longer for development. The infected mosquito may transmit 
the virus for as long a period as fifty-seven days after sucking infected blood. The 
active agent is said to be transmitted also to the offspring (next generation) of 
infected mosquitoes. 

That the causative agent of yellow fever is present in the patients* J:)lood was 
shown, according to Scheube,*^ by the inoculation experiments of the American 
expedition sent to Cuba, under the direction of Reed, for the investigation of this 

1 The icterus is always most marked in the cadaver. In many cases terminat- 
ing fatall}^ within two to three days, icterus is absent. 

i^This mode of infection was first suggested for both malaria and yellow 
fever by Noth, in 1848 (Anders’s “Prac. Med.,” 6th ed., p. 79, Saunders, 1903), and 
later by Finlay, in 1881 (Ann. d. la Real Acad,, xvii, p. 147-161; Ref., Arch, de mid» 
nav»^ Jan., 1883). 

^Op. cit.y p. 466, (See footnote, p. 568.) 
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disease.! The experiments were made upon 12 nonimmune persons— American 
soldiers and Spanish immigrants— 7 with fresh or defibrinated blood, 3 with filtered 
blood, and 3 with defibrinated and heated blood. Of the first series 6 experiments, 
of the second 2 experiments, gave positive results, while the third series was nega- 
tive. In the blood employed in the experiments, which was taken from patients 
during the first three days of the disease and injected subcutaneously, no bacteria 
were found cither microscopicly or bactcriologicly. From this it may be concluded 
that the virus of yellow fever is either a micro-organism so small that it is invisible 

with the best optic instruments and passes through a Chamberland filter or that 
it is nonorganized, perhaps a toxin. These experiments were confirmed by the 
French and German commissions sent to investigate the subject. Schaudinn sug- 
gests that yellow fever may be a spirochaeta infection. 

The disease generally attacks individuals between the 20th to 40th 
year. No race is immune; negroes, however, manifest the least dispo- 
vsition. One attack generally confers immunity to subsequent infection. 
The malady usually progresses in three stages: a febrile stage, a stage 
of remission, and a collapse stage. It generally begins suddenly with 
severe chill followed by high fever, dizziness, headache, cpistaxis, dorsal 
pain, vomiting, and icterus (at tlie end of the first stage, frequently later ), 
and great depression. Herpes of tha mouth and nose, and occasionally 
other exanthemata: roseolar, maculoi^ajmlar, urticarial, pustular, scarlat- 
inoid, and crysijK'latoid eruptions, occur. In some cases a fetid or repuls- 
ive sweetish odor develops on the first or second day. 1 Icmorrhages occur 
into the skin, muscles, aiul kidneys (cortic and subcapsular) and fnMU 
the intestine ( ‘ bb 1 a c k vomit stools’’), stomach (“black 
vomit,’’ usually in the ccdlapsc stage), and other organs: mouth, nose, 
uterus, kidneys, bladder, and <xcasionaIly the eyes and ears. Abortion 
in pregnant women is the rule, and signs of infection of the fetus have 
been observed. 

The fever generally lasts for from two to three days. About the 
third day there is amelioration of all symptoms, and the disease passes 
into the sewnd, or remiss i o n , stage, which varies in duration from 
a few" hours to two days. The tcm])erature declines and may reach nor- 
mal; the pulse falls to 40 or lower. If not already present, albumi- 
nuria now appears. In mild cases this stage is followed by convales- 
cence. Mpre frequently, however, aggravation of the symptoms occurs 
and the patient passes into the third, or collapse, stage. Diarrhea 
sets in ; the vomiting, which had diminished, becomes more violent. The 
nrimarily watery vomited matter soon becomes streaked with blackish 
l)Kx)d, and finally, usually on the fourth or fifth day, the ejected matter 
^^uy assume the character of coffee grounds or be homogeneous and 

! Boston Med. and Surg. Jour., 1901, No. 14 ; N. Y. Med. Rec., Aug. 10, 1901 ; 
Jour, of Hyg., April 1, 1902. 
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blackish in appearance: black vomit. Rarely red blood is vomited. 

Anuria sets in, and death generally occurs from uremia or cholemia. 

In violent cases death may occur within from twenty-four to thirty- 
six hours after the onset oi the atTcction. 

The mortality varies in ditTerent epidemics. In thirty-three epi- 
demics occurring: in New Orleans during the years 1X47-97 the mortality 
varied from ]2 ( 1^^^7 ) to 85 (l«S5v^) per cent. Jn an epidemic observed 
by Roux, the mortality was per cent. In 269 cases analyzed by Stern- 

Lerg. death occurred in all cases in which the temperature exceeded 
41.5” C. 

The chief necropsy findings are intense icterus (hence, yellow 
typhus, typhus ictcmidcs) and cloudy swelling of all organs except the 
spleen, which usually is unaltered; hemorrhages into various organs (pul- 
monary infarction, ])lcuritic ecchym<^scs ), fatty degeneration of the myo- 
cardium, blood-vessels, kidneys, and liver, d'he state of the liver is said 
by some authorities to resemble that of acute yellow alro])hy, though this 
is (juestionetl l)y others. 'Khe stomach and intestines contain more or less 
hlackisli, thick duid, often tar-like hlootl, and the mucosex arc the seat of 
numerous ecchymoses. 'ilie gall-bladder is almost empty. , 

FRAMBESIA (YAWS). 

Frambesia, or yaws, is a chronic, endemic, contagious general 
infectious disease of the tro])ics characterized l>v raspherry-likc cuta- 
neous ])apule.^ and due to a specific spirillum, the S'pirocluria pcrtcuiiis. 
It is communicable from man to the higher as well as to the lower mon- 
keys. inoculation with glands and organs is followed by generalization. 
Animals affected with syphilis arc susceptible to frambesia; the two 
affections must, therefore, be different. 
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MEMBRANES OF THE BRAIN AND SPINAL CORD. 

So long as the skull grows, the dura mater is firmly united with 
the bone; it is really not a nienibrane of the brain, but forms the in- 
ternal periosteum; it has, liowever, certain relations to the Imain. This 
is bCvSt seen at the ]u)int of transition of the cerebral the spinal dura 
mater; in the spinal canal tliere is no conneclion between the bone and 
dura mater, but botli parts arc se|)araled In* adi])ose tissue and the peri- 
osteum of the vertelira*. 1’lie ^\nu:i\ dnra mater, therefore, lias not the 
function of periosteum, hnt at the point i>f transition to the brain it 
becomes [«criosteum, tliou^^b not ev'orywliere, for c\< the falx and ten- 
torium it aj,[ain is onl) brain membrane. I lierefore, in tlic skull an 
external (periosteal) and an internal ( incnini^eal ) portion are distin- 
guished. The latter i^ e(»ntinuous with the spinal vlttra. Anatomiclv, 
however, there is no line of demarkalion, since both jiarts cannot he 
separated. A similar relation exists also lietween the sinuses and the 
dura; the sinuses have no esjieeial wall. Hence, all jiathologic processes 
in tliesc regions are not sliarply limited and affections of tlie dura gen- 
erally extciul to the sinuses. Diseases of the periosteal portion of the 
dura have, in fact, iiotliing to do with the brain; the jiroccss, how’ever, 
is ])ro])agated into the meningeal portion and finally acts also upon the 
brain by its jirodiicts. 

Iiitlammation of the jieriosteal ])ortion is analogous to a perio’^tiiis. 
So lung as the skull grows, new’ layers of bone are deposited externally 
upon the bony ski.ll capsule; internally old layers are a])s('>rbed. Tins 
relation may be interfered with by a ])cri(»siitis or external ossifying 
])achymeningitis. Also in later life new’ formations of bone, starting 
from the dura, are always pathologic. The milder degrees ('^f thi • 
change correspond to tlie quite frecjuent cases in which an esjiecially 
intimate connection exists between the skull and dura. In early life, 
especially *as long as the fontanelles are still open, this 
intimate union is physiologic: later, after conclu- 
!’'ion of growth, it is p a t li o I og i c , for after ccmipletion of 
gn'owth the connection between the dura anrl the skull is normally so 
loose that both parts can easily be separated. 

If so-called osteophytes {q.v,), hyperostoses, or exostoses are 
found upon the inner surface of the skull, these are always jiroduct^ 
of an external ossifying pachymeningitis. 


( 589 ) 
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An internal ossifying pachymeningitis— tlie formation of bone 
— which sometimes may be very large, occurs on the inner surface of 
the dura as a result of inflammatory irritation. This is most marked 
where there is no connection of the dura with the bone, namely, at the 
falx. Indeed, no bone formation should occur in this region at all. The 
dura, therefore, pt)sses.scs the ability to form bone in two directions, 
not in its interior, but externally. 

If bone occurs in the interior, that is, in the substance of the dura, 

this belongs in the category of pure neoplasms — of pure osteomata: 
osteomata dune. 

Internal hemorrhagic pachymeningitis* There is an inde- 
pendent inflammatory process upon the inner surface of the dura (i.e,, 
the meningeal portion), especially over the cerebral convexity, which 
produces a flocculent or extensive fibrinous exudate. It is usually 
bilateral, but sometimes only one hemisphere is involved. The fibrinous 
liseudoniembrane has its seat of predilection in the region of the middle 
meningeal artery. In its first stage it forms a (|uite thin, transparent 
layer, which is easily overlooked and visible only when a clean knife is 
carefully scraped over it. By ingrowths of new-formed vessels into the 
granulation tissue developing from the dura, vascularization occurs 
which extends radiately into the exudate. The fibrinous pseudomem- 
brane is thus transformed into an organized, connective-tissue mem- 
brane. Every intense congestion involving the new-formed, very deli- 
cate, thin-walled, and relatively wide vessels easily leads to hemorrhage, 
which organizes under the formation of granular (hemosiderin) and 
crystalline (hematoidin) pigment, and contains new vessels which, in 
turn, may give rise to hemorrhages and recif lives. The vascularization 
is usually so rapid and abuntlant that the new-formed membrane often 
contains more vessels than the dura. The recidives ivsult in the devel- 
opment of lamellae, the oldest of which are situated upon the dura and, 
on longer duration, become so firmly adherent to it that it finally can 
no longer be separated. The process progresses very slowly, and at 
first is usually entirely latent. On longer duration, when the new-formed 
lamellae encroach more and more upon the skull space, disturbances often 
develop. The greater the number of lamellae formed, the more intense 
the hemorrhages usually are. (See Hermatoma durce matris.) 

These blood extravasates always occur between the dura and 
arachnoid, and, when they are small, within the new membrane; when 
they are large, also free between the membrane and the arachnoid. They 
are then often almost indistinguishable from other intermeningeal hem- 
orrhages — the traumatic and those caused by vascular anomalies. In 
the traumatic there are, as a rule, coincident injuries of the cranial 
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bones and frequently also of the brain. In these cases the hemorrhage 
is usually more extensive, extending over almost the whole periphery 
of one or both hemispheres, while in hemorrhagic pachymeningitis no 
blood is, as a rule, to be vsecn at the base. How far trauma is con- 
cerned in the hemorrhages caiisetl by vascular anomalies is yet unde- 
termined. The vascular anomaly consists therein that veins of the 

arachnoid do not, as usual, empty directly into the longitudinal sinus, 
but pass to the dura at some distance from tlie micVlle line, and run to 
the sinus U})on tlie inner surface of tlie dura, as it were, superficially. 
In tliese cases the source of the hemorrhage is almost invariably the 
point of transition from tlie arachnoid to the dura, while the source of 
traumatic hemorrhage is most frequently the middle meningeal artery 
with its branches. 

The accumulation of large amounts of dear fluid between the new- 
formed layers of connective tissue and the production of a cystic space 
are exceptional occurrences in internal librinous i)adiymeningitis. This 
cyst is called hygroma duric matris, 

x^cute purulent processes occur in the dura and the sinuses after 
caries of the cranial bones, injuries, and in connection with infectious 
processes in the neighlx)rh<H)d, principally of the ear (otitis media), 
next of the eye, seldom of the frontal sinuses. As a rule, the purulent 
process in the dura liegins — c,g., after otitis media — before the tissue 
of the petrous bone is destroyed. Owing to the slight vascular 
.supply, the exudate upon the dura is usually moderate. Marked 
accumulation of discolored pits upon the surface and jniriilent disin- 
tegration of the vessels entering the hone, with spontaneous separation 
of the dura from the bone, occur only after long duration. In such 
localities the bone is eroded and, like the outer surface of the dura, dis- 
colored (dirty gi’ecnish). The dura mater itself is always strongly 
indurated by purulent infiltration. Upon the inner surface inflamma- 
tion may be absent at first ; as soon, however, as the dura is completely 
infiltrated, a slight amount of fibrinopunilent exudate is always found 
also upon the inner surface. The inner surface frequently appears to 
be dry. The process, therefore, progresses continuously from without 
inward. (See Epidemic Cerebrospinal Meningitis, p. 568.) 

On the basis of bactcriologic, histologic, and anatomic examination in 56 
cases of otitic meningitis, Neumann and Ghoni conclude that: 1. Meningitis is 
essentially a reinfection, no matter if the causative otitis be acute or chronic. 2. 
Meningitis following chronic suppurative otitis media is predominantly the sequela 
of an acute exacerbation. 3. Meningitis following acute otitis is due especially 
to the diplococcus and the Strcf'tococcus tnucosus, to a less extent to the Strepio-^ 


* Int, Centbl. f. Ohrenhlk., No. 6, 1910. 
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coccus pyogenes. This is noteworthy, because in the bacteriologic examinations of 
the middle-ear exudate, in 90 cases of acute otitis, made by Ruttin, the Strepto- 
coccus pyogenes was found in 60 cases as compared with the diplococcus (13) and 
the Streptococcus mucosus (9). Among the 50 cases examined, in only 9 were 
mixed cultures grown from the meningitic exudate : in 8 of these chronic middle- 
ear suppuration was the cause of the meningitis, 1 case only being referable to 
acute otitis media. All these cases were associated with another cranial complica- 
tion, such as sinus disease, lab>rinthinc suppuration, or brain abscess. To the 
naked eye, all these meningeal inflammations appeared more or less diffuse, the 
exudate never being limited to the convexity alone. In a few cases it occupied the 
base exclusively; often it was found uniformly distributed over the base and 
macular on the convexity. In the majority of the cases the exudate was scro- 
fibrinopurulcnt, with very numerous polynuclear leucocytes and a small number of 
macrophages. 

According to Schlesinger.t three forms of meningitis occur in pneumococcic 
pneumonia; 1, serous meningitis with sterile cerebrospinal fluid: 2, serous menin- 
gitis with pneumococci in this fluid, and, 3, purulent meningitis with or without 
diplococci. The first type is known also as mcningismus. In aged individ- 
uals the meningitic phenomena, particularly tlu rigidity at the back of the neck 
and Kernig’s symptom, are apt to persist for several weeks after subsidence of the 
inflammatory process in the lungs. Purulent meningitis usually terminates in 
death after a few days. Tlie onset mciy be apoplectiform; or acute, but not 
apoplectiform; subacute, or insidious. In contradistinction to tuberculous menin- 
gitis, the abdominal coverings are not retracted or only temporarily. Pneumo- 
coccic meningitis may occur in the course of an affection of the respiratory tract, 
an attack of endocarditis, in acute otitic or cranial disease, and also independently. 
In the late stages of the disease sejiaration of membranes has been noted in the 
aspirated spinal fluid. ^ 

Ry extension of the pnrulent and juitrid ])r(>ccsses of the dura 
to the sinuses, purulent and ichorous t li r oni hop h 1 e b i t i .s 
develop. Simple hland thrombosis, so-called marantic thro m I) o - 
vS i s of the sinuses, is most frequently oliservcd in small, poorly 
nourished children (marasmus), rarely in adults, and then, as a rule, 
in connection witli severe affections (profound anemia) which rapidly 
lead to exhaustion. Sinus tliromhosis n.iay occur also in general in- 
fectious diseases, tumors, trauma of the cranial bones. Passive con- 
gestion, edema of the brain, pia, and arachnoid, and frequently extensive 
hemorrhagic infarction of the contiguous cerebral tissues are sequelie. 
P>land tlirombi are exceptionally ftnmd in those veins which ,enter the 
dura at some di.stance fnun the longitudinal sinus, namely, at the point 
of transition. .Ml thrombi of the sinuses and rnicv arachnoidcs result 
in intense c o n g e s t i o n of the collateral capillary area, which 
finally terminates in r e cl softening. 

In the spinal cord purulent pachymeningitis is observed most fre- 
quently as%n extension process in tuberculous and purulent caries o£ 


tWien. fed. Woch., No. 1, 1911. 
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the vertebrae. Here, however, the pachymeningitis must be differen- 
tiated from affections of the periosteum and of the extrameningeal 
adipose tissue, for there is also an internal spinal periosti- 
tis, an extrameningeal phlegmon, and an acute exter- 
nal or internal spinal pachymeningitis. 

The arachnoid (ipaxyo-€L^: spider-web-like) is a very thin, 
translucent, delicate, richly vascular membrane which uniformly covers 
the surface of the brain and spinal cord, sends prolongations into all 
sulci, and extends into the ventricles as tela chorioidcs and plexus clio-^ 
rioidei. It is inseparable from the pia mater — rather identic with the 
latter — and consists of a single membrane (see Fig. 301), not of two; 
hence, unlike the serous membranes, it does not form a sac. The 
arachnoid can neither macroscopicly nor microscopicly be separated into 
two layers, as is often assumed. Nowhere is there a line of demarka- 
tion justifying separation into two membranes; separation here is just 



Fig. 301. — A, arachnoid (intentionally drawn thicker) ; 

Syri. (After Longer hans.) 

as impossible as the differentiation of two layers in the periosteum — 
a richly vascular •internal and a poorly vascular external layer. 

Edema of the arachnoid, a very frequent necropsy finding, consists 
in infiltration of the tissue with clear, transparent fluid. The most 
intense edematous infiltration is found over atrophic, depressed gyri 
{hydrops ex vacua) and in atrophy of the wdiole brain. In certain 
localities accumu\jations with vesicular, cystic character sometimes de- 
velop. 

In the spinal canal the arachnoid is united with the dura by small, 
poorly vascular connective-tissue strands, while in the brain the only 
union of both membranes is ])rovided solely by the I'cncr arachnoidece 
emptying into the sinuses. E<lema of the spinal arachnoid is not con- 
fined to ^he true tissue of the arachnoid, but extends into the loose, 
reticulated tissue between the arachnoid and dura as far as the dura. 
This edema is called hydro rrhachis externa. 

Wholly analogous to edema the acute inflammatory processes of 
the arachnoid (arachnitis, leptomeningitis) elaborate no free exudate 
upon the surface, a proof that the arachnoid is not to be compared 
with the serous membranes. The exudates, which are always found 
within the meshes (small spaces) of the arachnoid, are usually mixed, 
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fibrinopurulent, and may contain quantitatively more fibrin. Sometimes 
the whole cerebral and spinal arachnoid are equally involved, as in acute 
epidemic cerebrospinal meningitis and in very extensive tuberculous 
arachnitis; more frequently only certain regions are altered, c,g,, only 
the convexity (in trauma cerebri) or only the base and spinal cord, or 
only circumscribed areas at the base (region of the chiasm of the optic 
nerve in beginning tuberculous basilar meningitis ; region of the middle 

or posterior cranial fossa, or of both, in beginning purulent arachnitis 
after otitis media). The purulent aftections of the spinal arachnoid 
(in tubercular caries of the vertebrae, after decubitus profundus, in- 
juries, operations, etc.) have a great disposition rapidly to spread to the 
base of the brain. 

In chronic arachnitis two forms must be distinguished: a super- 
ficial and a deep. In the first the upper, somewhat less vascular 
layer of the arachnoid becomes thickened, so that the membrane, which 
is scarcely visible in the normal state, becomes very distinct, assuming 
a whitish color and a dense consistency. The thickening extends either 
uniformly over the whole surface, or it involves only small areas {c,g., 
in pachymeningitis interna ossificans, in consequence of friction against 
the newly formed bone), or it occurs from the first in the form of small, 
circumscribed, warty nodules alongside of the longitudinal sulcus. 

The last form corresponds to arachnitis verrucosa or to the 
Pacchionian granulations; they are nearly a physiologic 
phenomenon, since they are almost never absent in elderly individuals. 
These granulations are fibromata, the size of a millet seed and larger; 
they grow through the dura and finally produce deep, atrophic inden- 
tations in the internal table, sometimes even in the external table of the 
calvarium. Within the more uniform thickenings of the arachnoid, 
partial calcifications and sometimes also true osseous lamellse (arach- 
nitis ossificans) may occur. In all these cases the arachnoid can readily 
be separated from the surface of the brain, often m6re easily than in 
the normal state, since it tears less easily as a result of the thickenings. 

In contrast to this superficial form, it is extremely difficult to sepa- 
rate the arachnoid in arachnitis chronica profunda. As a rule, separa- 
tion is incomplete, loss of cortic substance always occurring, upon the 
summit of the g}Ti, so that the surface appears eroded. This phenom- 
enon is due to the intimate, firm union of the cortic layer with the 
arachnoid as a result of thickening of the cortex, especially in the region 
of the vessels coming from the arachnoid and entering the surface of 
the brain at a right angle. If a normal arachnoid is stripped off, count- 
less very small, densely arranged vessels are seen on the under surface 
when water is poured upon it; they impart to the surface an almost 
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velvety appearance. Arachnitis profunda develops as a result of chronic 
thickening of the sheaths of all these vessels. The process always 
begins in the anterior portion of the brain and gradually extends back- 
ward from this point. It is clear that this thickening of the vessel- 
sheaths can progress only at the expense of the uppermost cortic layer; 
that, therefore, it is accompanied by atrophy of the uppermost layer of 
the cortex, especially of the tangential medullated nerve-fibers and of 
the ganglion cells. Accordingly, arachnitis profunda is usually observed 
in persons in whom disturbances of tlie central nervous system existed 
during life; hence, e n ce p h a lo m c n i n gi t i s , in conjunction with 
chronic hydrocephalus and granular ependymitis, con- 
stitutes tlie almost constant finding in progressive paralysis 
of the insane. Chronic superficial arachnitis, on the other hand, 
is quite frequently observed without the existence of symptoms during 
life, especially in advanced age. It is always present in clironic edema 
of the arachnoid, c.^/., in consequence of atrophy of the brain. Super- 
ficial anti deep chronic inflammations of the arachnoid are. therefore, 
very different in their importance. As a rule, the arachnoid does not 
appear to be thickened in arachnitis profunda; usually the finer vessels 
are somewhat more intensely congested, so that tlic arachnoid is quite 
uniformly reddened. 

The blood content of the araclinoidal vessels is very frequently 
unequal in the cadaver. After removal of the skullcaj), the deeper 
parts arc usually Intensely congested hy hy])osUisis. The larger veins 
are situated chiefly Ujxm the surface and in the depth of the sulci; the 
arteries are more in the middle. In chronic diseases associated with 
congestion, intense engorgement and loriiiosity of tlic dilated superficial 
veins are sometimes observed. As a rule, slight edema and slight thick- 
ening of the aracjuioid coexist. l>ue inflammatory liv)>eremia of the 
arachnoid is very sehlom seen in the cadaver; wIhmi present, the super- 
ficial veins are not very strongly congested, hut principally tlie capil- 
laries, The latter arc unrecognizable with tlie naked eye ; tlierefore, 
the diagnosis of inflammatt>rv liypcremia can l)e made cmly wlien the 
arachnoid is uniformly intensely red. 

As IS? known, the arterial blood is conveyed lo the brain through 
both internal carotids and both vertehrals. The latter unite to form the 
hasilaris ccrcbri, whose princi])al branches (the two posterior cerebral) 
are united with the carotids or their principal branches (the middle cere- 
bral) by the posterior cenumnnicating, while the two other branches of 
the carotid (the anterior cerebral) arc united by the anterior commu- 
nicating just in front of the optic chiasm. The circle of Willis is formed 
at the base of the brain by the three communicating arteries. The three 
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principal trunks given off from this circle to supply the large brain are 
the two anterior cerebral, the middle cerebral, and the posterior cere- 
bral, All , coarser changes, €,g,, obliteration, emboli, arteriosclerosis, 
syphilis, etc., involving the circle of Willis are, by virtue of the col- 
lateral channels, easily compensated. Beyond this point, however, no 
such anastomoses exist; indeed, for certain regions it is assumed, with 
Cohnheim, that the arteries are so-called terminal arteries and do not 
communicate with any other arterial vessels. Therefore, all injuries 
involving the vessels beyond the circle of Willis must exert an entirely 
different effect. 

Two areas are distinguished according to the vascular arrange- 
ments: the basilar area and the corlic area. The arteries of the 
basilar area enter the brain substance at the base at a right angle, and 
supply the peduncles, the large ganglia, etc. The others traverse the 
arachnoid for a greater or lesser distance, giving off numerous branches, 
finally also entering the brain at a right angle to supply principally the 
cortic layer. 

The changes involving the arteries beyond the circle of Willis are 
arteriosclerosis, thrombosis, embolism, and aneurism. 

Thrombosis is usually a sequela of sclerosis (atheroma) or aneu- 
rism, and may give rise to embolic processes. 

Emboli originate by far most frequently from the left heart, espe- 
cially from the aortic orifice, though they may be derived from thrombi 
in the pulmonary veins. The result differs greatly accT>rding to the sire 
of the occluded vessel. If one of the large vessels is completely occluded, 
apoplectiform death sometimes occurs ; if smaller vessels are the seat of 
emboli, yellow softening occurs in the brain region supplied by the ves- 
sels occluded. Emboli are most frequently found in the region of the 
middle cerebral arteries, while in arteriosclerosis the three 
double principal trunks are usually quite uniformly altered. . The 
sequehe of sclerosis are the same as in emboli ; in arteriosclerosis, how- 
ever, several and different sized foci, quite fresh alongside of older, 
are more frequently observed. Sometimes the finer vessels are so mark- 
edly indurated and calcified by arteriosclerosis that they offer consid- 
erable resistance to the knife — are often not cut through, but torn out 
by the knife, remain hanging to the knife or project above the surface 
as small, rigid spicula. Furthermore, the small arteries and capillaries 
may form branched, solid lime cylinders. (See Fig. 302.) 

Among the aneurisms the so-called miliary ancurysmata of the 
smaller arteries (see Fig. 30,S) within the brain (namely, in the region of 
the large ganglia, particularly in the area of the lenticulostriate artery, 
which forms the almost right-angled continuation of the internal carotid 
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audit therefore, as has been experimentally determined, is under a higher 
pressure than most of the other cerebral arteries) are of especial im- 
portance, because they are freqvtent and, by rupture, form the ordinary 
cause of large cerebral hemorrhages. 

On the other hand, aneurisms of the arachnoid produce severe 
intrameningeal and intermeningeal hemorrhages, which often are fatal. 

In poorly nourished individuals, children and adults, and also in the 
aged, fatty metamorphosis in the walls of the vessels — of the arteries 
and capillaries (without inflammation) — is a quite frequent phenom- 
enon which, however, has no connection with larger cerebral hemor- 
rhages. 



Fig. 302.— Calcified cerebral vessels. Fresh crush preparation. 

(Zeiss Apochr., 16; Comp. Ocul., 4. After LaugerJiaus,) 

BRAIN AND SPINAL CORD. 

The averagfe weight of the brain of a fully developed man is, in 
Europeans, about 1370 grams; that of the female 1240 grams. The 
brain of the newborn weighs about 450 grams. In adults a weight of 
less than 900 grains is pathologic, and generally permits the 
assumption of idiocy. This stale of microcephalia is most 
frequently due to premature synostosis of the sutures of 
the skull. 

The weight of the brain is important, but must be accepted with 
reservation. According to Ernst, the following order shows the decrease 
in weight of the brain with age: 3d decade: 1409 Gni. ; 4th decade: 
1413 Gm. ; 5th decade: 1366 Gm. ; 6th decade: 1346 Gm. ; 7th decade: 
1324 Gm. The subjoined table from Ernst of the comparative weights 
of the brains of eminent men is very instructive : — 
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T\irgeni^ . 

i....'6Syrs. 2012 Gm. 

Cromwell 

. ^9 yrs. 

2000 Gnsj 

Cuvier 

..,.63 “ 1861 

Byron 

36 “ 

1807 

a 

Bismarck 

.... 83 “ 1807 " 

Abercrombie 

. 67 

1780 

f( 

Thackeray 

.... 52 “ 1660 ‘‘ 

Napoleon 11 

. 65 

1500 

ti 

Gauss 

.... 78 “ 1492 “ 

Broca 

. 65 “ 

1485 

ft 

Dupuytren 

.... 57 1440 “ 

Mommsen 

. 86 “ . 

142S 

u 

Helmholtz 

... 73 “ 1420 “ 

Liebig 

. 70 “ 

1350 

*t 

Ludwig 11 

.... 41 “ 1349 “ 

Gambetta 

. 45 “ 

1314 

u 

Menzel 

.... 89 “ 1298 “ 

Bunsen 

. 88 

1295 

« 

Tiedemann 

.... 79 “ 1254 “ 

Dellinger 

. 71 “ 

1207 

a 

From the 

capacity of the skull 

were reckoned: — 





Dante, 56 years : 1420 Gm. ; Kant, 80 years : 1650 Gm. ; Schiller, 
46 years; 1580 Gm. That the weight of the brain alone offers no basis 
for estimating its power is shown by the fact that the heaviest known 
brain, weighing 2850 grams, was that of an idiot 21 years of age. Slight 
epileptic tendencies are often associated with great intellectual endow- 
ment (Mohammed, Cesar, Napoleon 1, Helmholtz, Menzel). 

The cortex of the brain consists, aside from the vessels, principally 
of nerve-cells and their, in great part, nonmedullated processes. It, 
therefore, appears gray. The medullary substance owes its white color 
to the myelin of the medullated nerve-fibers. In the newborn child the 
color of the medullary substance is not white, but gray, because the 
nerve-fibers are still poor in myelin. 

The stroma, or connective-tissue supporting structure, is composed 
of neuroglia (nerve cement) — of stellate cells wlncl^ anastomose by 
their processes and thus form a tissue which is closely related to, but 
is not identic with, reticulated connective tissue. 

In rare instances these neuroglia cells are the point of origin of 
an independent process — congenital interstitial encephalitis — an in- 
crease of these cells occurring by proliferation which is followed by ret- 
rogressive fatty metamorphosis. Apparently this affection occurs most 
frequently in congenital syphilis. This should not be confounded with 
another state which is not pathologic, but physiologic, in so far as it is 
never absent in children up to the end of the first three months. 
This physiologic state is one in w’hich countless cells in the brain, not 
only the neuroglia ceils, but also numerous round cells, contain fat. The 
round cells are seen in more or less large numbers, especially within the 
lymph-sheaths of the vessels. In children with a slight amount of adipose 
tissue and who are poorly nourished and poorly developed, this physio- 
logic state persists longer ; as a rule, it is still found in the fourth month 
and often also even later. 

V. While in the physiologic process fat cannot be macroscopicly rec- 
ognized, in the pathologic form — encephalitis congenita neonatorum^ 
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certain cells are markedly altered, becoming more and more. opaque and 
finally assuming a pale, yellowish-white appearance. These foci may 
disintegrate and thus produce the condition of yellow softening of the 
brain. That the process is of an active inflammatory nature is shpwn 
by the fact that the neuroglia cells divide, and that the axis cylinders 
undergo change, first becoming varicose, swollen, and tlien disintegrat- 
ing. This encephalitis is frequently observed after affection of the 
mother with small-pox, scarlatina, and sy])hilis ; it is probable, however, 
that these diseases do not exhaust the etiology. 

In the brain of adults an inflammation occurs which is characterized 
by numerous small hemorrhages. The processes are usually circum- 
scribed and not very extensive affections in wliich, in addition to hemor- 
rhages, only round-celled accumulations in the neighborhood of the 
vessels and varicose dilations of the mediullated nerve-fibers can be seen. 

In the domain of interstitial encephalitis belong cerebral abscesseS 
— ^purulent processes which destroy a more or less large portion of the 
brain and transform it into a pus-cavity. 

Abscesses in which gradual transition to healthy tissue without 
definite lines of demarkation occur, and others which are sharply de- 
fined by a quite dense, newly formed membrane, must be differentiated. 
In the first instance the course of the process is acute; in the second 
it is chronic. 

In acute cerebral abscess the pus has either a laudable, 
thick, creamy, somewhat ropy consistency, or it is liquid, discolored, 
ichorous; it sometimes acquires a somewhat brownish color from hem- 
orrhagic admixtures. In the neighborhood of tlie liquid pus — the true 
absces.s-cavity — a still nonliqueficd, but already purulent infiltrated, 
layer is found; this is followed further outward by an edematous zone 
with hemorrhagic hyperemia (piincliform hemorrhages) and gradual 
transition into the unaltered brain-tissue. 

If the spread of the abscess assumes a chronic course, a dis- 
tinct membrane which possesses all the characteristic features of a 
pyogenic membrane forms at the point between the pus and 
healthy tissue. The inner surface of this membrane, i.r., that portion 
directed . toward the pus-cavity, is formed of soft granulation tissue, 
while the external portion is highly vascular, reddish, occasionally also 
dark red. In the neighborhood of this capsule the brain-tissue is 
reddened, strongly vascular, and edematous. Development of the pyo- 
genic membrane is always accompanied by the constant new formation 
of pus; the process, therefore, is not arrested. On the contrary, the 
abscess grows, the surrounding edematous zone gradually being drawn 
into the inflammatory process of softening. In contradistinction to the 
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acute abscess, which produces death within from a few days up to about 
one month, the course of the chronic abscess is very slow; it often 
develops quite latent, persists for years, and produces death only as a 
result of intense pressure which it gradually exerts upon the brain (com- 
plete flattening of the gyri, etc.), or by rupture into the ventricles or 
by final extension to the arachnoid, a purulent arachnitis supervening. 

Cerebral abscesses occur solitary and multiple. When the latter 
pursue a chronic course they may become confluent. The form of the 
abscesses is usually somewhat wedge-shaped. The abscesses may attain 
considerable size — the dimensions of a hen’s egg and larger; sometimes 
one hemisphere of the cerebellum is almost completely suppurated. 

From an etiologic standpoint, purulent inflammation of the middle 
ear (otitis media purulcnta) occupies the first position; the next most 
frequent causes of the abscesses are caries, septic processes, injuries, 
operations, and infectious diseases. In purulent otitis media (c.r/., as^ 
a result of pearl tumor: cholesteatoma) with caries of the petrous bone,, 
the inflammation of the dura and arachnoid is generally decidedly local 
as compared with the very large and usually ichorous cerebral abscess. 
The suppuration rapidly spreads chiefly in the white substance; the 
gray substance and arachnoid become more or less extensively involved 
in the purulent process only after long duration of the affection. 

A peculiar alteration the etiology of which is usually unknown 
occurs in the spinal cord in the form of an acute inflammatory process 
which affects the whole diameter of the spinal cord : thinsverse mye- 
litis. According to the location are distinguished a myelitis transi^ersa 
cervicalis, dorsalis, and lumbalis, respectively. The nature of the process 
consists in a change similar to that occurring in encephalitis interstitialis- 
neonatorum, i.e., an inflammatory swelling and proliferation of the neu- 
roglia cells with subsequent fatty metamorphosis and rloddy disintegra- 
tion of the medullated nerve-fibers. In the fresh state such an area is 
somewhat softer than normal ; on incision the nerve substance wells forth 
strongly; the markings of the gray horns are indistinct or completely 
obKterited. Such an area may sometimes assume a faint-yellow color as- 
a result of fatty metamorphosis. 

In so-called compression myelitis also a kind of softening of 
the whole diameter of the cord occurs at some point, although the 
gray substance remains distinctly recognizable. It is very probably 
not a true inflammatory process, but only a simple atrophic change, the 
result of nutritive disturbances, and on long duration a secondary pro- 
liferation of the neuroglia. The most frequent causes are chronic in- 
flammatory, especially tuberculous and carious, alterations of the bodies 
of the Vertebras with subsequent breaking down of the destroyed vef** 
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tebrae and forward displacement of the superimposed healthy vertebrae; 
furthermore, tumors which, like chondroma, develop partly from the 
intervertebral cartilages, partly, like lipoma, angioma, carcinoma, etc., 
within the vertebral canal. 



Fig. 303. — Sections of the cord at different levels. The letters and 
figures indicate the spinal nerves, the exits of which correspond to the re- 
spective sections, (Quain.) 


On sudden intense compression of the spinal cord by trauma, more 
or less complete destruction may occur. Dest known is compression 
of the medulla oblongata by the dental process of the axis resulting 
from luxation of the atlas and axis (breaking of the neck). 

Acute poliomyelitis, Heme-Medin’s disease, infantile paral- 
ysis. ^ 


^ This designation is erroneous, as the disease occurs also in adults. 
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In the spinal cord there is sometimes observed, almost exclusively 
in children between 1 and 5 years of age,i a not very extensive acute 
infectious inflammation: poliomyelitis spinalis anterior acuta infantum 
(infantile paralysis), involving principally the gray anterior horns. 
This is a partly diffuse, partly focal, interstitial inflammatory process 
which may extend throughout the cerebrospinal axis, though, as a rule, 
it is most intense in the region of the cervic ami lumbar enlargements. 
The results are atrophy of the ganglion cells and of the anterior and 
posterior roots and degeneration of the peripheral nerves (with paral- 
ysis). In the spinal cord the region of the vessels (artericc sulcocom- 
missuralis) is most intensely altered; here accumulation of round cells 
and small, occasionally also large hemorrhages, which may result in 
hemorrhagic softening of the anterior horns, are not infrequently found. 

There are no characteristic lesions outside the nervous system. 


Fig. 31)4. — Poliomyelitis. Sclerosis and cicatricial atrophy of the left 
anterior horn of the fourth cervic nerve after acute anterior poliomyelitis. 
a, normal anterior horn with ganglion celKs ; atrophic anterior horn. 
Child SYj years old: death eight months after occurrence of paralysis. X 7. 
(After Ziegler.) 

Zappert- distinguishes three types of acute poliomyelitis: (1) a spinal form 
(most frequent) ; (2) cerebral form, which is located especially in the pons and 
medulla oblongata; (3) an abortive form with general febrile and gastrointestinal 
symptoms, without manifestations on the part of the central nervous system. 

Small globoid, intracellular bodies or minute micro-organrsms have 
been cultivated from the central nervous .system and described by Noguchi. 
Amoss'^ also has found the same bodies in blood smears and also culti- 
vated them from the blood of infected monkeys. Epidemics are not 
uncommon. One attack generally confers immunity. 

1 In the New York epidemic of 1907, S^.5 per cent, of the cases occurred in 
the first six years. In the epidemic occurring on the island of Nauru, in 1910, the 
majorify of cases were in adults. (See Frost, loc, cit,. p, 17.) 

2Jahrb. f. Kinderh., Bd. 72. 

8 Jour. Exp. Med., xxxii. No. 1, and Sept. 1, 1914, p. 249. 
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The virus is present in the spinal cord, brain, mesenteric and salivary glands, 
and nasal and pharyngeal mucosae and readily passes through Berkefeld and 
Chamberland filters. The strength of the virus is unimpaired by glycerinization, 
drying for a week, and exposure to a temperature of — 2® C. for forty days. Sub- 
dural, intraperitoneal, intravascular, inlraneural, and subcutaneous injections and 
also inoculation of the scarified pharyngeal nuicons membrane are followed in 
monkeys by symptoms and anatomic changes resembling those observed in the 
human subject. Animals (monkeys) which have recovered from the effects of the 
virus are immune to subsetjuent inoculations. 

Infection seems to take place through the mucous membrane of the naso- 
pharynx. The virus reaches the nervous system probably through the cercliro- 
spinal fluid. Some authorities belie\e that it passes along the vessels, affecting the 
interstitial tissues and then the ganglion cells. There may be so-called “carriers.” 
According to Pierson, ^ the disease may lie related to several kinds of “distemper” 
occurring in dogs in tbc ^'ukon and Tanana valleys, and be transmitted from these 
animals to the human snbje<'t. Ife and Rosenau suggest stable flies (Stomoxys 
calcitrans) as carriers of the infection. 

In 2()() cases observed liy Zaiijicrt, chiefly in children, the mortality 
was 10.8 per cent. W icknian” g^ivos the niurtalit}' at diflerent ages in 842 
cases as: 0 to 11 years, cases, 71 dcatlis, or 12.2 ])er cent.; 12 to 32 
years, 250 cases, (>0 dcalhs, or 27.0 per cent. Deatli nsiially occurs during 
the first week, most frccjucntly from respiratory jiaralysis. 

The cause of progressive spinal muscular atrophy also de- 
pends upon atrophy and complete disappearance of the ganglia of the 
gray anterior hoi ns, particularly in the ccr\ic cord; the jicnjihcral nerves 
belonging thereto, as well as the gray anterior lionis, ;dst> arc atrophied. 
If the atro])hy of tlic ganglion cells is liniucd lo the ncrvc-niiclei of the 
medulla oblongata ( cliictly the hypoglos.su.s ; also the vagu^, accessorius, 
facial, and glossopharyngeal nuclei), wilhont fnrth.cr inxolvcincni, the 
.same changes and idinic '^\'nlj)toms as are c(»m|)rised under the name of 
progressive bulbar paralysis exist. 

Atrophy of Individual ganglion cells of the gray anterior horns 
occurs also after loss in” ])eri])heral nerves, c.//., by amputation. 

Atrophic states in the central nervous system devcloj) only to 
a minimum degree upon an inflammatory ha^is. Senile atrophy 
causes diminution in tlie size of the brain, csi)eeially of the gyri. The 
gyri are narrow; the sulci gape widely; the arachnoid is strongly 
edematous. Sometimes the atropliy involves only certain lol)es. 

Senile dementia manifests no special features deviatitig from senile 
atrophy. 


^ Jour. Atuer. Med. Assoc., Feb. 28, Fd4, p. 0/8 

2“Beitrage zur Kenntniss der neine-Mcdinsclu*u Krankhcit (Poliomyelitis 
acuta unci verwandter Erkraiikuugcn )." Berlin, S. Kargcr. Cited by Frost; 
“Acute Anterior Poliomyelitis.” V, S. Pub. Health and Marine-Hosp. Serv. Bull., 
No. 44, p. 46; Washington, D. C., 1911. 
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Partial atrophies, in which small areas of the gyri lie at a deeper 
level — as it were, depressed — are usually due to disturbances in the 
vascular system. In this category belongs also porencephalia 
(porencephalu s). By this is meant a more or less funnel-shaped 
defect — a porus in the substance of the hemispheres (usually in the 
region of the middle meningeal artery) — which is either shut off from 
the ventricles and arachnoid or is connected with both or only with the 
ventricle. 

Little is known as to the etiology; it is assumed that hemor- 
rhages, thrombosis, emboli produce this destruction, because blood- 
pigment very frequently is found in the cicatricial mass separating the 
brain from the porus. By far the majority of cases may be traced to 
intra-uterine disturbance. The secondary disturbances observable dur- 
ing life: mild ])sychic and motor disturbances up to the most pronounced 
idiocy — wholly aside from children incapable of living — vary according 
to the size of the defect. 

A further atrophic process of the central nervous system is mul- 
tiple sclerosis, as a result of which the wdiite medullary substance 
of the brain and spinal cord is always altered in the form of 
numerous, very small to quite large, gray foci. These foci are situated 
in the brain, chiefly in the region of the corpus callosum, in the latter 
itself, and in the walls of the lateral ventricles; more rarely in the pons 
and in the medulla oblongata; more numerous in the most varied locali- 
ties in the spinal cord, very rarely symmetric. The (Essential change is 
an inflammatory proliferation of the neuroglia with secondary disap- 
pearance of the medullary sheaths. The proliferated neuroglia cells die 
partly by fatty metamorphosis; the axis-cylinders are at first still pre- 
served ; later they disappear and are rcjdaced by a dense fibrillated tissue. 
Multiple sclerosis pursues a slow, insidious course. ^ 

Diffuse sclerosis of the brain also is closely related to inflamma- 
tory processes, and constitutes, as it were, a chronic diffuse interstitial 
encephalitis. The neuroglia cells and the cells in the neighborhood of 
the vessels proliferate; the brain is markedly firm in consistency, cuts 
hard, offering considerable resistance to the knife, ft is unaccompanied 
by fatty metamorphosis. 

In tabes dorsalis (consumption of the spinal cord, 
locomotor ataxia, spinal atrophy, posterior spinal scle- 
rosis, D u c h e n n e ’ s paralysis or disease) the essential change 
is ascending gray degeneration of the medullated sensory nerve-fibers: 
dcgencratio grisea fHnicuIorum postcriortim. This atrophy, however, 
in contradistinction to multiple sclerosis, is confined to the spinal 
cord (posterior columns, horns, and roots), and involves individual 
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'Central nerves only after long duration: ncwi opticus, oculomotorius, 
acusticus. It always attacks s y m m e t r i c 1 y the sensory con- 
duction tracts of the spinal cord, principally those parts which enter 
the posterior columns from the posterior roots. The process usually 
begins in the posterior root area of the lower dorsal and upper lumbar 
portions of the cord. At first there is usually nothing to be recognized. 
The spinal cord apj^ears thin and flattened oh the posterior periphery 
only when a large area of the posterior columns is already atrophic. 
The peculiar gray and often somewhat gelatinous consistency of the 
posterior columns can then be recognized even on inspection of the 
arachnoid. The arachnoid is usually intensely thickened as the result 
of inflammation, especially at the posterior surface. Microscopicly. dis- 
appearance of the myelin and sometimes fatty metamorphosis of the 
neuroglia cells are observed in the affected parts. In the lumbar 
portion of the cord the middle and posterior segments of the poste- 
rior columns are usually grayish degenerated, only the anterior seg- 
ment remaining for some time intact; in the dorsal [)ortion of 
the cord the external part of the ])usterior segment also is unaltered, 
and in the cervic portion of the cord principally the columns 
of (joll are lirst altered.^ 1'he extent of gray degeneration is, of 
course, subject to certain variations according to the intensity and dura- 
tion of the affection. Within the affected portions of the spinal cord 
countless corpora amylacca frecjuently form: spheric, somewhat glisten- 
ing bodies with distinctly lamellated structure, which stain blue on addi- 
tion of iodine, 'fhese, however, are not characteristic of tabes; on the 
contrary, they occur also in other i)athologic ])n>cesses of the central 
nervous system, csjiecially when nerve substance is destroyed. From 
an etiologic standpoint, syjiliilis plays a not unimportant rcMc in tabes 
dorsalis, in so far as a large percentage (about bO i)er cent.; in the o])inion 
of many authorities even 1(X) i)er cent.) of all tabetic individuals have 
suffered from sy])hilis.- 

The ])osterior columns are composed chieflv of fibers which enter 
from the posterior roots and are partly given oft' to the gray substance 
and partly asccnd#vvithin the posterior columns to the medulla. In each 
segment of the cord the libers entering the posterior columns from the 
posterior roots lie in the lateral portions of the posterior columns along- 
side the posterior horn. In the next higher segment they ])ass medially, 
being pushed aside by entrance )f new fibers. As this displacement of 
the posterior-column fibers is rc])eated in each segment of the cord, the 

^ See p. 606. 

-Tabes is very rare in full-blooded negroes, yet syphilis is almost univer- 
sally prevalent among them {Jour. Amer. Med. Assor., June 3, 1911, p. 1646). 
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long posterior-column fibers in their ascent are directed more and more 
medially; hence, those fibers which originated from the posterior roots 
of the sacral, lumbar, and lower dorsal cord are found in the cervic 
region in the median portion of the posterior column at both sides of 
the posterior septum and separated from the remainder of the posterior 
column by the paramedian septum. They arc here designated as the 
columns of Goll. The lateral portiem of tlie posterior column, 
which receives its fibers from the roots of the uj^per dorsal and cervic 
cord, is here called the column of liurdach. This division 
into Goll’s and P)Urdach\s cedumns exists only in the ui)pcr dorsal and 
cervic cord. 

As tabes dorsalis usually begins in the lower dorsal and upper lum- 
bar cord, i.c., in the fibers derived from the posterior roots of these 
regions, in beginning tabes sections through these portions show on each 
side an area of degeneration alongside the posterior horn. As the fibers 
entering here are, after their ascent, situated in the columns of (doll, 
sections through the cervic cord in fresh cases show degeneration of 
Goll’s ct)lumn. J f the process involves also the ro(>t areas of the lower, 
I.C., of the remaining, luiiihar and sacral ])()rlions of the cord, the whole 
diameter of the posterior column in this region is altered, because the 
fibers derived from the deeper level and lying more in the center also 
are involved. If the process siihsccjncntly advances upward, iu\, involves 
also the root areas of the dorsal and ccrvic cord, lateral areas of 
degeneration, in addition to degeneraticni in ( ioll’s column, aj^pear at 
these levels. Furthermore, as the posterior horns receive ril)ers from 
the posterior roots, tliey also become poorer in fibers. Among those 
fibers which enter the ])osterior horns from the posterior columns arc 
also reflex fibers wliich j)ass un U) the anterior liorns; the reflex tract 
for the knee reflex is at the lc\el of tlie first to tb.' second lumbar 
nerves ; since tabes dorsalis early occurs at this level, the early disa])- 
pcarance of the patellar tendon reflex in this affection is thus explained. 
( Small s.) 

In severe cases symmetric, gray degeneration of the 
sensory tracts of the lateral columns also is found in 
tabes. The latter, however, occurs also without tabes as an independ- 
ent disease. This begins in the inner portions of the lateral columns — 
in the si>called lateral pyramidal tracts — and in ils further course is 
combined with atrophy of the large ganglia in tlie gray anterior horns 
and with atrophy of the muscles belonging thereto (amyotfOphlC lat- 
6ral sclerosis) The atrophy extends upward to the pyramids of the 
medulla oblongata, sometimes through the ])ons, the crura cerebri to the 
internal capsule, and in some cases to the large ganglion cells of the cen- 
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tral convolutions. By involvement of the nerve-nuclei located in the 
medulla oblongata (hypoglossus, vagus, accessorius), atrophy of the lips, 
tongue, etc., develops. Such j)atients die w^ith bulbar symptoms, 
usually from aspiration pneumonia. 

Landry’s paralysis (acute ascending paralysis), described by Lan- 
dry in 1859, is a rapidly i)rc)gressive i)aralysis beginning in the extremities, 
extending to the trunk and arms, and, finally, to the respiratory muscles. 
It occurs most frequently in males between the 20th and 30th year. The 
majority of cases terminate fatally. The toxic theory of the pathogenesis 
has been insufficiently established, or, at least, the origin and mode of 
action of the toxins are still obscure. 

Some authorities regard Landry’s jiaralysis as a form of acute poly- 
neuritis, others class it as anterior jxdioiiiyelitis associated with bulbar 
poliomyelitis. \^on Leyden states that many cases of Landry’s paralysis 
are of polyneuritic origin. He recognizes two forms: (1 ) the bulbar or 
medullary, corresponding to the Landry tyj)e (llaecid paralysis, no dis- 
turbances of sensibility, no degenerative muscular atrophy, no reaction of 
degeneration ) ; (2) the ncuritic form, in which, in connection with a poly- 
neuritis, spinal-cord inffamniatiuns rajhdly develop (])arenchymatous in- 
flammations, swollen axis-cylinders with thinning of the medullary sheaths, 
etc.). Oi)])enhcim asserts that Landry’s paralysis cannot be identified 
with polyneuritis or ])oliomyelitis. 

According to Bolten,^ Landry’s ])aralysis is a sharply defined patho- 
logic process dift’ering from j)olytieuritis and poliomyelitis by the absence, 
even in slowly })rogressing cases, of muscular atr()i)hy, reactic^n of degen- 
eration, and of manifestations of sensory paralysis, lie bolds that the 
typic cases are due to intoxication; the ]>aralyscs are the result not of 
anatomic destruction, but functional elimination of the spinal and bulbar 
centers. The toxins appear to lca\e the sensc)ry neurons intact ami to 
suspend exclusively the function of the motor neurons without attacking 
the structure. All examples in which reactions of degeneration and degen- 
erative muscular atrophy arc manifest arc cases of very rapidly progres- 
sive polyneuritis (with or without the parenchymatous inflammations of 
the spinal cord described by von l.cyilen), or of very far advanced polio- 
myelitis which extends to the bulb. According to Jkdlcn, all cured cases 
of Landry’s paralysis show complete restitutio ad integrum. 

E. Leschke^ found intra- and extra- cellular so-called Landry’s corpuscles, 0.1 
to 0.2 in size, in the anterior horn cells in sections and smears from the spinal 
cord. The virus was filterable. Cultures obtained by the method employed by 
Noguchi for spiroclnetae, poliomyelitis, and rabies virus were carried to the second 
generation, and when inoculated into 5 monkeys produced, after an incubation 


1 Berlin, klin. Woch., Jan. 16, 1911, p. 113. 

2 Berlin, klin. Woch., April 27, 1914, p. ,783. 
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period of from seven to twenty-three days, acute paralysis and deafh, .within a few 
hours. The disease could be transmitted from monkey to monkey* 

The filling of the vessels of the brain is subject to great variations 
in spite of the bony skull capsule. This is made possible by the fact that 
the cerebrospinal fluid in the communicating ventricular and canal system 
also is subject to the same variations, but in a contrary sense, i.e., in 
increased filling of the blood-vessels, the rapidity of outflow of the lymph 
is augmented at the neck, as has been i)roved experimentally. 

The vascularity of the brain is judged according to the size and 
number of the blood-points which can be seen upon a fresh section of the 
white medullary substance. A true uniform capillary hyperemia of the 
white substance is observed only in small children in whom relatively little 
myelin is as yet developed. In adults the white substance is slightly 
mottled, very pale rose-colored in the state of capillary hyperemia. On 
the other hand, if the larger vessels are intensely congested very numerous,, 
quite closely arranged, large drops of blood appear very quickly upon the 
freshly cut surface, while in anemia only isolated and very small droplets 
gradually become visible, sometimes none. 

The relation is different in the cortic substance and the large gan- 
glia, In anemic states the gray cerebral substance has a pale-gray, in 
hyperemic states a reddish-gray, occasionally a grayish-red (hortensia), 
color. Usually, hyperemia of the gray substance is not uniform, but macu- 
lar. Pronounced cerebral anemia is generally a concominant of a general 
anemia. 

Edema of the brain is recognizable by the moist and glistening 
appearance of the freshly cut surface, which ordinarily has a slightly 
moist or a non-glistening character, in edema a watery fluid escapes from 
the tissues and accumulates in more or less visible amounts upon the cut 
surface. Slight edema is quite frequently observed without an explanation 
therefore being found in every instance. More marked degrees of edema 
occur as a result of venous engorgement (in cardiac and pulmonary dis- 
eases), in anemic states, and as a result of still unknown causes. Intense 
cerebral edema may be a cause of death : apoplexia serosa. Partial edema 
is very frequent in the neighborhood of inflammatory affections especially 
abscesses, hemorrhages, and tumors. 

According to origin and extent, two forms of cerebral 
hemorrhage must be distinguished, namely, punctiform and pro- 
fuse cerebral hemorrhage. The latter occurs aa. a result of rupture 
of an arterial vessel (not from capillaries). The source of the 
hemorrhage cannot always be found, but may often be revealed 
on careful examination. The vessels from which large hemorrhages 
originate are usually characterized by the formation of miliary aneu- 
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risms — small, 0.2 to 1 mm. in size, seldom larger, spindle- or spheric- 
shaped, rarer sacculated dilations of the smaller and minute arteries. As 
a rule, it is just within these aneurisinal foci that rupture occurs. The 
blood pours into the brain-tissue, destroys the tissue, and forms a cavity 
in which it coagulates (it never remains liquid). Numerous small, 
closely arranged, red spots — punctiform hemorrhages — can be seen in 
the neighborhood. (See p. 596.) 



Fig. 305. — Miliary aneurisms in a cerebral vessel. (After Lowenfeld.) 

The typic site of these profuse hemorrhages is the region of the 
large ganglia, especially the corpus striatum and the lenticular nucleus. 
The arteries which supply these parts with blood come from the base, 
where they enter the brain at a right angle; they are terminal arteries 
in the sense of Cohnlieim, and, therefore (especially the artcria Icn- 
ticulostriata) , according to the experimental investigations of Mendel, 
are under higher pressure than other arteries, because they form, in a 



Fig. 30fx— Dissecting aneurisms on a cerebral artery. (After Lowenfeld,) 

mea.sure, the direct continuation of the internal carotid. If the hem- 
orrhage is very large, it may rupture into the adjacent part of the lateral 
ventricle and fill all ventricles with blood. More rarely the hemorrhage 
extends to the arachnoid. 

More or less large hemorrhages are observed also in highly vascular 
tumors. Here the nerwly formed, delicate-walled vessels are always the 
source of the hemorrhage. 

As the larger hemorrhages are associated with a rapid, sudden, 
transitory or permanent suspension of the function of the brain and 
the affected individual is suddenly prostrated as by a blow, the term 

89 
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apoplexy ^ is generally employed to designate this condition. Apo- 
plexy signifies only the symptomatic violence of the onset; it is purely 
a clinic expression, not an anatomic conception, for when anyone has 
died we can no longer speak of a visible apoplexy, but, at most, of an 
apoplectic focus. 

Death may occur suddenly as a result of interruption 
of the functions of the brain, the heart, and lungs. 
In every case one may justly speak of an apoplexy (cerebri, cordis, or 
pulmonum), but, as a rule, apoplexy cordis and pulmonum occur without 
hemorrhage. 

In the brain the following apoplexias must be distinguished: — 

1. Apoplexia hccmorrhagica: a large hemorrhagic focus. 

2. Apoplexia hypcrcrmica: without local hemorrhage, only excessive 
engorgement of the vessels. 

Both these forms are caused by blobd; hence, apoplexia sanguinea. 

3. Apoplexia anccmica: due to interruption of the blood-current 
from anemia : — 

(a) Embolic form. 

(b) Vascular occlusion from other causes: compression from with- 
out, obliteration from endoarteritis, etc. 

4. Apoplexia serosa: in total obstruction to the outflow of venous 
blood: acute hydrocephalus (from tumors, changes of the vena magna 
Galeni ) . 

5. Apoplexia nervosa, or shock : the old “stroke” without demon- 
strable anatomic change. 

When death occurs as a result of hemorrhage, bloody imbibition 
in the neighborhood of the hemorrhage is not infrequently found at 
necropsy. This is always a cadaveric process which may occur also 
subsequently, i.e., after necropsy. If, however, death does not occur, 
imbibition of the surrounding parts develops of necessity during absorp- 
tion ; the red blood-corpuscles are gradually dissolved, the blood coloring 
matter penetrates the neighboring parts and is from there carried off 
by the circulation. While post-mortem imbibition is usually very intense, 
imbibition occurring during life is never marked, because the coloring 
matter is too rapidly carried away by the circulating fluids. • 

When absorption is ended, a somewhat smaller cyst, v^hich at first 
contains a cloudy, brownish, watery fluid that later gradually becomes 
clearer, is found in the locality formerly occupied by the cavity filled 
with blood-coagula. The walls of such cysts consist of cicatricial tissue 
with abundant admixture of brown, granular or crystalline blood-pig- 


1 dTOirXi/^/a, to Strike down. 
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merit After very small hemorrhages only small, brown-pigmented cica- 
trices, but no cysts, are later found. 

Profuse hemorrhages may occur also in other localities than in the 
large ganglia, e,g,, in chlorosis, influenza, hemorrhagic diathesis; but 
these are rare. If the pons is the seat of hemorrhage, then, if the hem- 
orrhage is not immediately fatal, all those symptoms which gradually 
appear in atrophy of the ganglionic nuclei of the pons, in progressive 
bulbar paralysis, occur suddenly. 

The spinal cord is only very exceptionally the seat of a large hem- 
orrhage. 

The second form of cerebral hemorrhage is punctate hem- 
orrhage {hcrmorrhagia punctata); numerous small, almost always 
submiliary, rarely miliary, red points, which cannot be rinsed off, are 
seen upon the cut surface of the substance. 7'hcse correspond to small 
extravasations from the small vessels, which have either entered the 
lymph-sheaths surrounding the blood-vessels or have occurred into the 
brain substance itself after rupture of the lymph-sheaths. 

Punctiform hemorrhages develop: (1) as the result of trauma, 
especially on the external (arachnoidal) and internal (ependymal) sur- 
faces; (2) in inflammations, namely, in the neighborhood of abscesses; 
in purulent and tuberculous arachnitis; in policnccphalitis acuta luem- 
orrhagica superior (Wernicke) in the region of the oculomotor nuclei; 
(3) through alterations of the vessels — the arterial (embolic) as well 
as the venous (thrombotic in sinus thrombosis, thrombosis of the vena 
magna Galcni) ; (4) in the general hemorrhagic diathesis already men- 
tioned (see p, 63) ; (5) in severe anemic states and in leukemia; (6) in 
cachectic individuals, and (7) in severe general infectious diseases (sep- 
sis, influenza, etc.). The hemorrhages mentioned under 1 to 3 are more 
circumscribed ; the others are more diffuse. Hemorrhagic states are 
most frequent in embolism, trauma, and thrombosis of the sinuses. In 
this condition, however, it is usually a question nut only of a number of 
punctiform hemorrhages, but of states closely resembling hemorrhagic 
infarction of the lungs — of so-called red softening of the 
brain . 

Telailgiectases, which are quite frequent in the brain, may be 
mistaken for. punctiform hemorrhages. 

Three forms of softening of the brain are differentiated: red, 
yellow, and white. 

In red softening the tissue between the closely arranged 
mid partly confluent, punctiform hemorrhages has a diffuse, more or 
less intense red color, and is surrounded by an edematous, lemon-yellow-’ 
colored area. In this infarct-like state the brain substance is loose and 
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soft in consistency. Besides embolism, especially contusions, throm- 
bosis, and hemorrhagic encephalitis cause red softening of the brain. 
In traumatism, softenings in the surface of the brain, which have orig- 
inated by bursting of smaller vessels, are found beneath depressions and 
fissures of the bone. In these also three zones are recognizable : a cen- 
tral, diffuse, red zone ; l)eyond this a punctate, red zone, and a peripheral, 
edematous, lemon-yellow zone. These three zones correspond to the 
different grades of extravasation : in the lemon-colored zone the blood- 
corpuscles are scattered and gradually dissolved, the tissue at the same 
time imbibing the blood-coloring matter; the punctate zone corresponds 
to the area of stronger action, and the diffuse, red zone to the area of 
strongest action. 

In trauma not only a direct softening at the point of the acting 
force, but also an indirect .softening through .so-called contrccoiip, fre- 
quently occurs, the concussion being transmitted through the firm parts ; 
indeed, the soft parts, the bone and the adjacent parts of the brain at 
the point of direct action, may manifest no or slighter changes than 
the brain surface at the point of contrccoiip, i.e., at the point of the brain 
directly (diagonally) opi)osite. This old view has recently been re- 
placed by other theories, according to which the punctiform hemor- 
rhages are referable to strong oscillations in the cerebrospinal fluid. 
According to one view (Duret), in trauma which affects directly the 
head, the fluid is quickly and suddenly displaced toward the fourth 
ventricle, and the hemorrhage is caused by the impact of the fluid. 
According to the other view (A. Miles), it is assumed that the cerebro- 
spinal fluid, which in the lymph-sheaths, under normal conditions, exerts 
a counterpressure to the blood-pressure, in trauma is suddenly over- 
come, and that the counterpressure, until then exerted by the liquor 
upon the blood-pressure, is thus suddenly suspended und now numerous 
small vessels burst in consequence of the excess of blood-pressure. 

The cortic red softenings cau.sed by contusion usually do not 
extend far into the depth; only the uppermost layer of the gyri is 
destroyed. The softened parts are capable of involution, the blood- 
corpuscles dissolving and the cellular material being rendered absorb- 
able by fatty metamorphosis. The fatty metamorphosis inv6lves prin- 
cipally, and, perhaps, solely, the neuroglia cells, since the ganglion cells, 
even in advanced fatty metamorphosis of the neuroglia cells, are still 
distinct and but slightly altered. Ganglion cells, in general, appear to 
possess little or no tendency to undergo fatty metamorphosis. In those 
localities where some violent action has previously occurred, dead, calci- 
fied ganglion cells with well-preserved contour are frequently found. 
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The further the absorption of the hemorrhagicly softened material 
advances, the more the surface is depressed at this part, so that finally 
only yellow and brown lamellie {plaques jaunes) of connective 
tissue covered by arachnoid are found at the slightly depressed point 
upon the surface : cicatrices fusca corticales cerebri. 

Yellow softening of the brain owes its color to fatty metamor- 
phosis of the neuroglia cells and to numerous round cells filled with fat 
(wandering corpuscles). Softening of the nerve-fibers progresses with- 
out especial morphologic change, only varicose swelling and segmenta- 
tion of the myelin sheath occurring. The cause of yellow softening is 



Fig. 307. — Calcified ganglion cells from 
the cerebral cortex after a healed fracture of 
the skull. Fresh section from the under sur- 
face of the left frontal lobe. (Zeiss Apochr., 
16; Comp. Ocul., 8. After Langerhans.) 



Fig. 308. — A calcified 
ganglion cell from the cere- 
bral cortex after healed 
fracture of the skull. At * 
noncalcified location of nu- 
cleus. (Zeiss Apochr., 4; 
Comp. Ocul., 8. After 
Langerhans.) 


insufficient nutrition through interference or interruption of arterial 
blood-supply, whether an embolus occludes the lumen or the lu- 
men is compressed by a tumor or is altered by proliferation 
(arteriosclerosis) , Yellow .softening occurs also as a secondary change 
in red softening. 

The third form of softening, white softening of the brain, is a 
purely cadaveric process — a pOvSt-mortem softening of the brain sub- 
stance resulting from maceration (not putrefactive). It occurs 
most frequently in acute internal hydrocephalus through entrance of 
watery fluid in the region of the ventricles. The consistency of the 
parts is thus loosened; they become separated, disintegrate, and soften. 
The principal seat of this change is the corpus callosum. 
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The ependyma is the membrane of the ventricles. It is 

not simple connective tissue in the ordinary sense of the word, for it 
contains no fasciculi and no curly fibrillae; but it belongs to the type 
of connective substances : it is the same as the neuroglia — the interstitial 
tissue of the brain — merges immediately with this, and differs from the 
true neuroglia only in so far as it forms upon the surface of the ven- 
tricles a thick layer without medullated nerve-fibers. The ependyma is 
an almost vasciilarless membrane, and cannot, therefore, be a true secret- 
ing membrane. There is a parallelism between the cerebral cavities and 
articular cavities in so far as both possess a nonvascular (ependyma, 
cartilage) and a vascular portion {velum chorioidcs and processus 
chorioidcisynovialis). The velum, or the tela chorioidcs, does not 
form with the processus chorioidei a true covering of the surface, but 
is rather loosely attached and is separated only with some difficulty from 
the corpora quadrigemina. In chronic hydrocephalus a chronic inflam- 
matory process: ependymitis chronica, develops in the ependyma, which 
results in a somewhat irregular thickening of the ependyma, such as is 
normally present at the stria cornea at the margin of the corpus striatum. 
By proliferation of the glia cells small superficial swellings develop, as 
in arteriosclerosis, which are as delicate and transparent as dew-droplets. 
These consist of a richly cellular, soft, somewhat colloid tissue, not of 
accumulations of fluid. Through further growth the droplets become 
larger and the surface assumes a warty appearance : ependymitis verru- 
cosa, With progressive growth true tumor forrrfation: glioma, 
finally occurs. 

The granular and warty thickenings are nonvascular. In the course 
of this ependymitis, partial agglutinations and adhesions, especially in 
the anterior and posterior horn of the lateral ventricle, quite frequently 
develop, similar to what occurs in chronic endocardilig. 

In alterations of the vascular portion of the ventricles, secretion 
of albuminous fluid may occur: hydrocephalus internus. This fluid 
usually is uniformly distributed in all the ventricles, although it is most 
distinctly manifest in the lateral cavities. According to the rapidity with 
which the secretion is formed are distinguished acute and chronic 
hydrocephalus. The first is due to acute inflammatory processes 
in the velum chorioidcs and the processus chorioidei; the ependyma 
is unaltered. In suppurative inflammations of the choroid plexus the 
secreted fluid is clouded by pus-corpuscles and may finally become more 
or less purulent. Inflammatory changes of the choroid plexus are inti- 
mately connected with in^ammations of the arachnoid. (See p. 593.) 

Chronic hydrocephalus may be congenital or acquired. 
If the affection begins in an early embryonic period, before the brain 
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is fully developed, malformation results. On the other hand, 
if the brain is developed, dilation of the ventricles results. 
The brain distends ; the skull yields and grows to a marked degree. The 
intenser grades always develop after birth. The ependyma is thick- 
ened; the corpora striata and thalami optici are widely separated and 
flattened; the large cerebral hemispheres are thin, the gyri flat, the 
sulci more or less obliterated; the skull (in very high degrees even 
the whole head) is strongly distended and tends to assume a spheric 
form, the bones, owing to the pressure, becoming farther separated and 
the suture substance increasing in breadth (grows). Upon the inner 
surface of the skull, which is always very thin, the impressioncs digi~ 
tatcc are distinctly developed as a result of atrophy of the inner table; 
the inner surface of the bone is uneven, lusterless, rough through osteo- 
porosis; the carefully palpating finger feels countless small, delicate 
spicules. So long as this roughness persists arrest has not occurred; 
as soon, however, as the hydrocephalus ceases to increase, the internal 
table again becomes smooth. 

In the most marked degrees the vault of the skull as well as the 
thickness of the large hemispheres are as thin as paper, while the 
cerebellum suffers comparatively little. I Principally the white substance 
atrophies; the gray substance is less affected. Therefore, the defect 
of the mental, cerebral function is usually not very great. The higher 
degrees alw^ays terminate fatally as a result of pressure and atrophy of 
the brain substanSe. The causes cannot always be discovered ; chronic 
thickenings of the velum chorioidcs frequently point to a chronic in- 
flammatory process. 

If a chronic ventricular hydrocephalus develops at a period in which 
the brain has completed its growth, the causes are easier to recognize. 
These are almost*always processes which obstruct or arrest the outflow 
of blood through the vena magna Galeni (e.g., hydrops cysticus gland- 
ulce pinealis, cysticerci, true tumors, etc.). 

Accumulation of fluid and dilation may occur also in the spinal 
canal. Hydropsic partial ectases in partial adhesions of the narrow 
canal are most frequent. In milder degrees (not rarely in the cervic 
cord) no marked disturbances result; in higher degrees, however, 
atrophy of the spinal cord, exceptionally also complete interruption, 
occurs, as in the brain. Through partial adhesions of the central canal 
apparent duplication of the canal, sometimes develops. 

Elongated cavities filled with fluid, which have originated through 
tissue destruction, are sometimes found also outside of the central 
canal: syringomyelia. Some of these cavities communicate with ectases 
of the central canal. 
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Among the tumors^ of the central nervous system, glioma, 
gliosarcoma (see p. 241 et seq,)^ and solitary tubercle 
(see p. 469) predominate. Sarcomata start most frequently from the 
dura mater, especially spindle-celled sarcoma (see p. 250) ; carcino- 
mata, pearl tumors: cholesteatomata (see p. 281), and lipomata from 
the arachnoid; glioma frequently from the ependyma. Among the sec- 
ondary metastatic tumors carcinoma and the melanotic tumors are hrst 
of all to be mentioned. The most frequent animal parasite is the cysti- 
cercus. This often occurs multiple in the arachnoid. 

As an appendix to the brain, the hypophysis, or pituitary gland, 
composed of two lobules, lies in the sella turcica. The structure of the 
anterior, larger lobule resembles that of the thyroid gland; the smaller, 
posterior portion is very rich in nerves, and forms the bulbous end of the 
infundibulum — the filum terminate anterius. 

In simple enlargement of the hypophysis the anterior portion only 
is always involved ; the follicles become larger and richer in cells, so 
that the gland is more prominent as a result of the hyperplasia, d'his 
is the same process which, in the thyroid, leads to struma: struma 
pituitaria. Colloid accumulation also is observed. Enlargement of the 
hypophysis often occurs in acromegalics, and is, therefore, frequently 
brought in causative relation with acromegaly. 

Primary tumors (carcinoma, sarcoma, lipoma) sometimes start from 
the hypophysis. 

The hypophysis possesses interest also in regard to organ correlation. It 
undergoes a certain hypertrophy when the thyroid gland is extirpated (rabbits) or 
atrophies {i.e.j in myxedema). It is also frequently hypertrophied in acromegaly. 
Hypophysial tumors, which produce hemianopsia by pressure in the region of the 
chiasm, are often tissue hyperplasias or adenoma. The surmise that affection of 
the hypophysis is the cause of acromegaly appears to be supported by improvement 
of the malady after extirpation of the hypophysis. In this disease loss of the hair, 
also upon the pubes, and atrophic disturbances in the genital sphere occur. 

The pineal gland {glandula pinealis) lies in the flat depression 
between the anterior tubercle of the corpus quadrigeminum, and is 
very loosely connected with the posterior commissure. It is charac- 
terized by its richness in brain sand {corpora arenacea), which is 
found principally at the base. The corpora arenacea are concentricly 
lamellated bodies which differ from the corpora amylacca by the fact 
that they give no iodine reaction; they never occur in the interior of 
the nervous apparatus, but only within the cerebral membranes. Under 
pathologic conditions they are sometimes observed in lymph-glands and 
in the serous membranes. The most frequent changes of the pineal 


1 For gumma, see p. 554. 
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gland consist m swelling (struma), cystic degeneration, and abscess 
formation. 

According to Raymond and Claude.^ S cases of tumors of the pineal 
gland are recorded. Their growth is attended by adiposity, growth of 
hair upon the face and pubes, abnormal development of the genital organs, 
acute hyilrocephalus, amaurosis, bilateral hemiplegia, paraplegia, and 
cerebellar symptoms. 

Topographicly, it may briefly be stated that the cortic substance 


of the anterior and posterior central 
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Fig. 3t)9. — C F, central fis- 
sure, or fissure of Kolaiido; 
V C, ascendirtj^ froutal con- 
volution ; II C, ascending 
parietal convolution; P /r. pars 
triangularis: St L, frontal lobe; 
Sch L, temporal lobe ; Op, 
operculum ; F S, fissure of 
Sylvius. (Aft^r Langerhans.) 


convolutions (see Fig, 309) forms 






Fig. 310 . — C C, central canal; 
V IV, anterior roots; h l{\ posterior 
roots ; V Str, anterior columns ; 7.’ P, 
anterior pyramidal tract ; s Str, 
lateral columns; K S. lateral cere- 
bellar tract; .S* P, lateral pyramidal 
tract; h Str, posterior columns; 
B Str, columns of Burdach; G Str, 
columns of Goll ; . , motor region ; 

li!i , sen.sory region; / , , mixed 
region, (After Langerhans.) 


motor centers, namely, the uppermost portion of both (left) central 
convolutions (I) the center for the (right) lower extremity; the middle 
portion (II) for the upper extremity, and the lowermost portion (III 
and IV) *the operculum for the facialis. 

In destruction of one of these portions, paralysis occurs in that 
region of the body belonging thereto. 

By destruction of the internal capsule all conducting tracts may be 
interrupted, and the same is true in affection of the pedunculus cerebri 
and of the pons. 


^ Bull, de TAcad. de Med., March 15, 1910. 
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The occipital lobes form the center of vision, the temporal lobes 
the center of hearing. 

In the spinal cord the anterior columns (see Fig. 310, v Str) form 
the motor tracts, the posterior columns (h Str) the sensory tracts, and 
the lateral columns {s Str) mixed, motor, and sensory tracts. The 
lateral cerebellar tracts (K S) are motor inhibitory tracts (in disease 
of the same the patellar reflex, for example, is increased) ; the lateral 
pyramidal tracts (5 P) are, likewise, motor. The areas between the 
lateral cerebellar tracts and the lateral pyramidal tracts are purely 
sensory tracts. 

PERIPHERAL NERVES. 

As soon as the peripheral nerves are separated from the central 
nervous system by section, ligature, a contused wound, etc., atrophy 
of the peripheral portion occurs, the myelin of the medullated fibers 
first becoming segmented and coagulated in clumps and drops. The 
axis-cylinder remains longer intact, but in most cases finally also degen- 
erates. Of the central portion only a small part is lost. 

Atrophic processes also follow central disturbances, c.g., in atrophy 
of the large motor ganglion cells in consequence of acute anterior polio- 
myelitis, and are always to be found in tabes dorsalis, and, indeed, as 
a rule, very early. 

When the continuity of the nerves is interrupted by section, re- 
union not infrequently occurs, new formation of me'iiullated and non- 
medullated nerve-fibers taking place in the central stump. These new- 
formed nerve-fibers grow toward the peripheral stump of the nerve, and, 
after union has previously occurred through young connective tissue, 
sometimes result in restoration of contact and conductivity by union of 
both stumps. If, however, the stumps are too far apar^ or have suffered 
from other processes (suppuration, etc.), the budding nerve-fibers do 
not reach the peripheral stump or they grow in a false direction and are 
destroyed in the cicatricial tissue. 

New formation of nerve-fibers in the central stump can best be 
observed in amputation stumps. Here smaller and also larger tumors 
— ^genuine neuromata — composed of medullated and nonmedullated nerve- 
fibers, almost invariably develop. If a number of nerve-trunks lie side 
by side in the amputation stump, union of the individual nerve stumps 
frequently occurs as a result of proliferation. 

Inflammations of the peripheral nerves always affect first the in- 
terstitial tissue — the perineurium and the neurilemma. The true par- 
enchyma of the nerves — the nerve-fibers — ^are only secondarily involved 
by atrophy. Neuritis interstitialis may lead cither to suppuration, 
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though only as a result of extension from neighboring parts* c,g,, in 
suppurating* ichorous wounds, or to chronic induration as a result of 
hyperplasia of the connective tissue. 

Besides the scar and amputation neuromata already mentioned, true 
hyperplastic, fibrillar, and cellular neuromata also occur in the periph- 
eral nerves under other conditions. In contrast to these stand the false 
neuromata, the myxomata, and gliomata. Among the metastatic tumors, 
the carcinomatous and the epitheliomatous forms especially occur within 
tlie nerves, often extending far beyond the zone of the immediate lesion. 
(See Optic Nerve.) These frequently give rise to recidives. 

SUPRARENALS (ADRENALS, SUPRARENAL 
BODIES, OR CAPSULES). 

The suprarenal glands owe their name solely to their close prox- 
imity to the kidneys, each suprarenal capping, as it were, the upper 
pole of a kidney. Otherwise they have no recognizable connection with 
the kidneys. Nothing is known of the function of the suprarenals, and 
there is no unanimity of opinion as regards their anatomic structure. 

Three zones are differentiated : the external, or cortic, 
layer has a certain resemblance to the thyroid gland ; it is yellow and 
formed of radiately arranged follicles, the cells of which are filled with 
numerous fat-droplets. In healthy newborn subjects, whose adrenals 
are comparatively ]arge (almost as large as the kidneys), this fatty state 
is absent; the cortex appears very thick, grayish red. The inner 
zone, or medullary layer, stands in more or less intimate 
relation to the nervous apparatus. ^ It is composed, aside from the 
numerous vessels, principally of ganglion and neuroglia cells. The 
middle zone, or intermediary substance, likewise has a 
follicular structure; it is, however, characterized by brown pigmentation 
of the follicle cells. This layer is subject to the greatest variations in 
breadth and extent, and is almost always absent at the somewhat narrow 
margin of the organ. 

In atrophic states resulting from anemia, cachexia, senile maras- 
mus, the fat content diminishes ; the cortex becomes narrow and acquires 
a grayish-red color. Sometimes the atrophy markedly alters certain 
portions, so that small, yellowish granules persist and easily create the 
impression of tubercles. In the higher degrees of atrophy the medullary 
substance also is always distinctly involved. 

Hyperplasia of the cortic substance develops as a result of pro- 
bferation of the follicle cells; this involves either the whole cortex or 


Chromaffin System, p. 345* 
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only small, isolated areas* of the same. In the latter case swellings np 
to the size of a walnut, of yellow or (when the intermediary layer also 
is involved) of brown color, develop. This condition, owing to the 
resemblance to struma thyreoidea, is designated as struma suprarenalis. 
In the medullary substance also nodules as large as a cherry are 



Fig. 311. — Vertic section of 
suprarenal body. 1, cortic sub- 
stance ; 2, medullary substance : 
a, capsule; b, zona glomerulosa ; 
c, zona fasciculata; d, zona retic- 
ularis; c, groups of medullary 
cells; A section of a large vein. 
Magnified. (After Eberth.) 



Fig. 312. — A, Cells and cell- 
groups from the outermost layer 
of the cortic substance of the 
suprarenal body; B, a small por- 
tion of the medullary part of the 
suprarenal capsule of the ox. 
(After Eberth,) 


sometimes observed — partial hyperplasias resulting from proliferation: 
so-called gliomata suprarenalia. 

In extensive amyloid degeneration of ‘the abdominal organs the 
suprarenals also are usually affected. (See Fig, 313.) They are then 
enlarged, inelastic, very firm, almost stiff, and glassy gray. Here also 
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the amyloid substance appears first in the small vessels, especially in the 
region of the intermediary zone. 

Parenchymatous, hemorrhagic, pundent, and chronic interstitial in- 
flammations,* as well as cystic^ formations, are sometimes observed. 
Since very little is known of the etiology and significance of these 
processes, they are only briefly mentioned here. 

The primary and secondary tumors occurring "in the suprarenals 
are, first of all, carcinomata, especially melanotic carcinomata. Sarco- 
mata are rare. Animal parasites (echinococcus, etc.) are of extremely 
rare occurrence. 

In conclusion it may be mentioned that efforts liave repeatedly 
been made to bring the su])rarenals in intimate connection with the 



Fig. 313. — Amyloid degeneration of the suprarenal gland. Fresh-cut 
surface treated with iodine. The amyloid parts colored red by the iodine 
are shown in black in the illustration. From a case of syphilis. (After 
Langcrhans,) 

sympathetic and the central nervous system, because in Addison^s dis- 
ease, ^ in which changes are .so frequently found in the sympathetic, the 
suprarenals are Often diseased, caseous degenerated (see p. 478), and 
because in monsters, especially anencephalia, the suprarenals are fre- 
quently only incompletely developed or absent. Worthy of consideration 
as these findings are, a constant relation between affection of the supra- 
renals and disease of the sympathetic, on the one hand, and monster 
hypoplasia or defect and suprarenal hypo])lasia or defect, on the other 
hand, has not thus far been demonstrated. 

^ British Medical Journal, June 27, 1908, p. 1558. 

2 In Addison’s disease a function of the suprarenajs which neutralizes the 
toxic products causing endogenous protcid disintegration, and which cannot be 
regulated by adrenin, is said to be disturbed. In the urine there has been found 
a very small amount of a coloring matter, classed with the melanins, which is 
soluble only in dilute alkalies and ammonia and contains neither iron, sulphur nor 
nitrogen. 


VASCULAR SYSTEM. 


HEART. 

Pericardium. 

The pericardium is a serous membrane consisting of two ap- 
posed layers, namely, the visceral (epicardium) and the parietal layers. 
Between these, in the normal state, there is always a very slight, scarcely 
measurable amount of clear, yellowish or slightly greenish fluid. Marked 
increase of the pericardial fluid without inflammatory phenomena is 
called hydropericardium, which most frequently is a sequela 
of chronic cardiac and renal affections, though it occurs also in grave 
general conditions affecting the blood and circulation. The limits be- 
tween the physiologic state and hydropericardium are often difficult to 
determine, because the amount of fluid is very frequently increased 
without the existence of a true hydrops, A certain increase (15 to 30 
c.c„ occasionally more) appears to be an agonal phenomenon, since it 
is very frequently found. The fluid of hydropericardium resembles 
lymph. (See p. 686.) On contact with the air, coagulable fibrinogen 
substance is separated; it thus forms a lymphatic hydrops. 

Small, punctiform hemorrhages are frequently found in the 
pericardium, especially upon the posterior surface of the heart near the 
base. These develop sub fincm, during the agony, when death occurs 
from suffocation; they may occur, however, independently of 
the agony in severe infectious diseases ( diphtheria, etc. ) , in 
certain intoxications ( e.g., phosphorus poisoning) , and in general 
hemorrhagic diathesis. Larger free hemorrhages between the 
layers of the pericardium ( hcmopericardium ) are observed in rup- 
ture of the heart, bursting of an aneurism of the 
coronary arteries, of the sinus Valsalvae, or of the 
aorta; in trauma ( namely, stab and gunshot wounds ) , and in 
hemorrhagic inflammation of the pericardium. The amount 
of blood poured into the pericardial sac — which always coagulates very 
quickly — may be so large as to more or less intensely distend the vis- 
ceral pericardium, and by pressure cause arrest of the heart's action. 

The exudative inflammations of the pericardium are either 
local — circumscribed — or they involve the whole pericardial sac, Le., 
both layers of the pericardium. In the first instance either only one 
surface of the pericardium — as a rule, the visceral pericardium-*-is 

( 622 ) 
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affected or both apposed and contiguous surfaces are involved. The 
exudate may vary: — 

1. Fibrinous, watery-fibrinous: fibrinous or hydrofibrinous peri- 
carditis. 

2. Fibrinous-hemorrhagic: fibrinous-hemorrhagic pericarditis, or, 
when the exudate in comparison to the extravasate is insignificant: 
hemorrhagic pericarditis. 

3. Fibrinopurulent or purely purulent: fibrinopurulent pericarditis, 
purulent pericarditis. 



Fig. 314. — Fibrinous pericarditis; pericardium turned back to show the surface 
of the heart covered with fibrinous formation. (Orth.) 

4. Ichorous: ichorous pericarditis. 

Points of predilection of partial fibrinous inflammation are the 
conus ark^riosus of the right ventricle, the apex of the left ventricle, 
and both auricles. 

When very little fibrin is exuded, this usually lies firmly upon the 
surface and is not recognizable as fibrin; in this case, however,%the 
surface has a characteristic, dry, cloudy, and somewhat rough appear- 
ance; by scraping and scratching with a clean knife, some fibrin can 
be removed from the surface. If, on the other hand, much fibrin and 
only little watery fluid are exuded, the fibrin is distinctly recognizable. 
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and, in part, easily lifted from the surface; and, owing to friction of 
the apposed surfaces of the pericardium, forms peculiar figures which, 
upon the anterior surface of the heart, correspond to ridges and undu- 
lations, upon the posterior surface to villi: cor villosum, (See Fig. 314.) 
This peculiar accumulation of the fibrinous exudate is due to the direction 
of heart movement and the amount of fluid exuded at the time. 

Hemorrhagic pericarditis generally develops in connection with 
a fibrinous inflammation; in a measure, it is an augmentation of fibri- 
nous inflammation, but it may have a hemorrhagic character from the 
beginning, e.g,, in scorbutus. 

Fibrinopurulent or purulent pericarditis is usually a process re- 
sulting from extension from adjacent parts, either the myocardium 
(after metastatic abscesses of the myocardium in severe infectious 
diseases) or the pleura (after empyema in pulmonary phthisis, purulent 
pleuritis, in connection with severe pneumonia) or the peritoneum (in 
sacculated suppuration in connection with perforation of the stomach, 
abscess of the liver, purulent perityphlitis, etc.). 

An ichorous exudate occurs in the pericardium as a meta- 
static affection in severe ichorous processes in other organs, and as the 
result of extension of ichorous pleuritis after perforation of an esopha- 
geal carcinoma, etc. 

When only the visceral pericardium is affected, partial fibri- 
nous inflammations result after a time, by organization of the exudate, 
in the formation of whitish, tendinous thickenings : tlfe so-called maculcc 
tendineee; when both apposed and contiguous surfaces elaborate fibri- 
nous exudate, partial adhesions result. These are at first more 
flattened, but if they are confined to small areas they may in time be- 
come cord- or thread- like as a result of continued traction. Complete, 
flat adhesion of both pericardial surfaces always results from general 
fibrinous pericarditis. In this case the whole cavity of the pericardium 
is obliterated: oblitcratio pericardii. At first the adhesions can quite 
easily be separated with a blunt instrument; later, the union of both 
layers may be so intimate and firm that they can no longer be separated. 

When fibrinous pericarditis becomes chronic, frequent recidives 
occurring, the adherent pericardial layers thicken more and more, the 
new masses of exudate also becoming organized. This finally results 
in the formation of very thick, and also, as a rule, very firm, almo.st solid 
indurations in which, under certain conditions, when the process ceases, 
lime-salts may be deposited in greater or lesser amount. From this 
smaller and larger lime-plates develop, or sometimes even an almost 
completely calcified capsule, which incloses the heart, results. 

Aside from the inflammatory irritation, every marked exudation 
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in the pericardium is a mechanic impediment to the movements of the 
heart and, therefore, favors degenerative changes of the heart substance, 
and may even cause arrest of the hearths action by pressure. 

Every adhesion embarrasses the cardiac movements, increases the 
resistance, and the amount of labor of the heart, and, therefore, usually 
results in hypertrophy. This is generally the stronger the more exten- 
sive the adhesion, the thicker the adhesions become in the course of 
recurring pericarditis, and the greater the number of synechiae existing 
between the parietal pericardium and adjacent parts (pleura). 

Chronic recurrent fibrinous pericarditis is frequently complicated 
with tuberculosis. The younger eruption of tubercles is then found in 
the more recent layers of exudate undergoing organization, the older in 
the older exudation lamelke. (See p. 465.) 

In rare cases air or gas is found in the pericardium, pneumoperi- 
cardium, This can occur only as a result of perforation of the parietal 
pericardium, when no adhesions exist, cjj., in stab or gunshot wounds, 
or in perforation of a gastric ulcer or carcinomata, etc., into the peri- 
cardium, or on entrance of gas-forming micro-organisms. 

Myocardium. 

Between the visceral pericardium and the musculature tliere is a 
layer of fat, which is greater or less in amount according to the state 
of nutrition. In individuals who manifest a marked disposition to 
obesity (polysarcia), also within the skeletal musculature, a very thick 
layer of fat is frequently found beneath the pericardium. This condi- 
tion is unattended by permanent harm; as soon, however, as the inter- 
stitial connective tissue of the heart muscle is involved in the formation 
of fat-tissue, an jrreparable pathologic state develops : fatty heart, 
in a strict sense. As in this condition the musculature is degenerated, 
this change is designated as fatty degeneration, or lipomatosis 
ntyocardii, because the fat-tissue, as in lipoma, permanently increases. 
This proliferation of the adipose tissue always begins at the pericar- 
dium, extends from there toward the endocardium, and is invariably 
more intense in the external than in the internal portions of the myo- 
cardium. The connective tissue is not destroyed by this process, but 
transformed into, or displaced by, adipose tissue. This metaplasia offers 
mechanic resistance to the contraction of the muscle, and, furthermore, 
causes the heart-muscle to atrophy as a result of nutritive disturbances, 
d)C young proliferating fat-tissue appropriating the nutritive material. 
I'he more fat produced, the greater is the atrophy of the muscle, so that 
^be whole thickness of the wall at the right border of the heart finally 

40 
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consists only of fat-tissue. The right ventricle is usually more frequently 
and intensely involved than the left. 

The state of atrophy of the myocardium is always caused by mal- 
nutrition, i.e,, nutritive disturbances. Three forms may be differen- 
tiated : — 

1. Atrophia simplex, simple atrophy. In this condition the muscle- 
bundles become smaller in diameter without any other visible alterations 
and without diminution in the number of cells or muscle-bundles. 

2. Atrophia fusca. In this state two phenomena really coexist — 
atrophy and pigmentary degeneration. Both are usually included under 



Fig. 315. — Fatty degeneration 
of the heart (lipomatosis). (Zeiss 
Apochr., 16; Comp. Octil., 4. 
Reduced %. After Langerhans.) 



Fig. 316.— Pigment atrophy of 
the heart, k, nuclei ; at * two nu- 
clei in one cell ; c, Eberth’s cement 
lines; p, pigment at the poles of 
the nucleus, f Zeiss Apochr., 4; 
Comp. Ocul., 4. After hanger* 
hans,) 


the term “brown atrophy.” This also is attended by diminution 
of the diameter of the muscle-bundles, but, in contradistinction to /imple 
atrophy, is characterized by pigment formation. The pigment occurs at 
both ends of the muscle-nuclei in the form of very small, brown, amor- 
phous, somewhat irregularly shaped granules. Brown atrophy is, first, 
the result of severe general nutritive disturbance, an accompaniment of 
a general macies (emaciation) ; second, a frequent manifestation in old 
age. Pigmentary degeneration of the cardiac musculature sometimes is 
found also in hypertrophied hearts (in arteriosclerosis, chronic nephri- 
tis). In these cases the process cannot justly be called brown “atrophy,” 
because the musculature is hypertrophied, even though the pigment, as a 
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(lead mass, affects the cells and has taken the place of the functionable 
parenchyma. The designation then employed is pigmentary degenera- 
tion, or brown degeneration, of the heart muscle. 

3. Necrobiotic atrophy.^ This is caused by fatty metamorphosis 
of the musculature and develops first by the formation within the trans- 
versely striated musculature of most minute, finci 5 t fat-droplets (like 
sun-dust) arranged partly transversely (corres]X)nding to the transverse 
markings), partly longitudinally (rosary form). These fat-droplets 
subseciuently become larger and then are arranged less regularly. With 
this change the transverse markings become indistinct and finally totally 
disappear, besiiles the fat-droplets only a slight amount of albuminous 
fluid remaining. On tearing of the muscle, a fatty detritus exudes. 

Fatty inetainoridiosis may be direct, primary after nutritive dis- 



Fig. 317. — Small fragments of the heart muscle in advanced stage of 
fatty metamorphosis in severe jiarcnchymatous nephritis. (Zeiss Apochr., 4; 
Comp. Ocul., 4. After Lanyerhans.) 

tiirbances, c.(j., after embolism of the coronary arteries, in passive dila- 
tion, in pernicious anemia, or indirect, secondary to antecedent in- 
flammation : myocarditis parcfichymatosa. The latter begins with swell- 
ing due to overaccpmulation of ])roteid material. The muscle-bundle is 
thus enlarged, especially the transverse diameter. While the newly 
absorbed material is ])roteid substance, it flilTers from the constituents 
of the muscle and, owing to the inflammatory disturbance, is not as- 
similable. It appears indistinctly granular; the transverse markings are 
not so clearly defined as normal, but somewhat obscured, indistinct, 
cloudy; hence, the whole muscle, as far as it is involved, has a cloudy, 
mottled appearance. If a little dilute acetic acid is added to such a 
heart muscle, clearing at once takes place ; the transverse markings arc 
thus again rendered distinct and sharp. When the process advances 
farther, fatty metamorphosis begins, fat occurring inside the mu.scle- 
bundles in the form of very minute fat-droplets. The affected portion 
thus acquires macroscopicly a pale-yellow color. 


t See p. 116. 
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Parenchymatous inflammation aflfects either the whole heart muscle 
or, what is more frequent, it occurs in mottled, disseminated form. The 
left ventricle, which performs most of the labor of the heart, is more 
frequently altered than the right. As a rule, the affection begins in the 
papillary muscles: myocarditis parenchymatosa papillaris. In the 
mottled form the boundaries of the individual cloudy areas are 
never sharp; on the contrary, transition is rather gradual. On the 



Fig. 318. — Striate fatty meta- 
morphosis of the cardiac muscu- 
lature, of the anterior papillary 
muscles in the left ventricle, and 
of the adjacent trabecuUe in per- 
nicious anemia. P, papillary mus- 
cle; t, trabeculae. Natural size. 
(After Laftgerhans.) 



Fig. 319. — Fragmentatio myo- 
cardii in a strongly clouded heart 
of a toper, a, fragments within 
strongly clouded areas ; b, less 
clouded and non fragmented areas. 
(Leitz Obj., 2; Ocul., 0. After 
Lanyerhans.) 


other hand, in direct fatty metamorphosis due to nutritive disturbance, 
Le,, in the passive form, the lines of demarkation are quite sharp and 
distinct, so that the affected — fatty metamorphosed — parts appear 
short, yellow striae — striate form. (See Fig. 318.) 

Recovery is possible only in affection of small areas, the fatt\ 
material disappearing by absorption. If large portions are altered, tin 
individual dies from cardiac weakness, cardiac paralysis. 

As regards etiology, of chief importance are certain chemic poison 
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(e.g,, phosphorus, mineral acids) which alter the heart muscle (anatomic 
heart poisons), while others indirectly influence the heart by their action 
upon the nerves (physiologic heart poisons). In addition to these poi- 
sons, the acute infectious diseases (typhoid, scarlatina, diphtheria, puer- 
peral fever, etc.) produce a general parenchymatous myocarditic altera- 
tion terminating in fatty metamorphosis. IVobably here also the changes 
are partly referable to persons, namely, toxic metabolic products of 
bacteria. 

By cardiac insufficiency or cardiac weakness is understood 
defective power of the heart, /.c., weak and incomplete contractions. If 
an extreme degree of cardiac weakness is ])roduce(l by the action of 
noxious influences, a condition designated as collapse or syncope devel- 
ops, which, in its sequelae, may more or less approach, or be a precursor 
of, sudden arrest of the circulation. I»y ])ara]ysis of cardiac activity the 
arterial system is incompletely filled; the bl(KKl-pressiire in the arteries 
sinks and' finally is insufficient to force the blood through the capillary 
area, the circulation congesting in the latter ; the skin becomes pale and cool, 
and, owing to its elasticity, clings to the subjacent parts, thus producing 
the "‘peaked’' aiipearance of prominent parts of the body : the nose, etc. 
C* fades hippocrafica''). This state reacts upon the heart; the coronary 
arteries arc no longer supplied and, therefore, nutrition of the myocar- 
dium ceases; finally, cessation of respiration and asphyxia occur. 

Compensatory disturbances of an hv])ertrophicd heart are frequent 
causes of cardiac xt'cakness. Here, at first, the cardiac hypertrophy, by 
overcoming the resistance, postiKines the heart weakness; not until the 
hypertrophied heart no longer can meet the increased demands does insuf- 
ficiency secondarily occur. This is the case when the same impediments 
as were described as tl)c cause of hypertro])hy exist, but in t(X) high de- 
gree, or when the general state of the organism is at too low an ebb for 
cardiac hypertrophy to develop. 

In other cases alterations of the heart itself embarrass its action, 
principally degenerations and their se(|uche: myocardial connective-tissue 
indurations which diminish the contractility, insufficient nutrition of the 
heart due to disease or occlusion of the coronary arteries. Tims, throm- 
bosis of a chief coronary artery suddenly causes collapse of the heart and 
death. The activity of the heart may be interfered with also by displace- 
ments of, and compression by, adjacent organs. 

In some cases alteration of cardiac activity is due to the action of 
poisons or to influence upon the ganglia and nerves regulating cardiac 
action. As in irritation of the accelerator nerves, direct oi' reflex paraly- 

of the inhibitory nerves (of the vagus) must be followed by increased 
cardiac action and vice ver^. 
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Those states of the heart designated as tachycardia and bradycardia 
are referable to toxic and nervous influences. In tachycardia (in- 
creased rapidity of the heart beat) there is first increase in the velocity 
of the blood-current with augmentation of pressure. If, however, the 
tachycardia assumes a serious character, slowing of the current finally 
occurs, because the intervals between the ventricular contractions are 
insufficient for diastolic filling of the ventricles. Tachycardia usually 
occurs in fever and in markefl psychic disturbances. Bradycardia (slow- 
ing of the heart beat) has the same effect as tachycardia toward the end, 
in so far as it is of marked degree from the beginning. P>esides the pul- 
sations of the heart, the rhythm also may be altered. I'he power of 
cardiac action is Uvsually decreased with alteration of the ])ulsations. 
Change in the rhythm occurs ])rincipally coincidcntly with an isolated 
bradycardia of the ventricle. In these cases either a nervous disturbance 
is present, c.g,, of cerebral nature, or the conduction path ( the so-called 
conduction system: bundle of His) along which the contractions 
of the auricle are conveyed to the ventricle is interrupted. The ventricles 
then beat slower and not synchronously with the auricles : dissocia- 
tion. This state is designated as heart block. Here belongs espe- 
cially the so-called Stokes-Adams symptom-complex, in which the 
rhythm of the ventricles is independent of the auricle; “the ventricles 
may be beating 27 times per minute and the auricles (Ott). 

All these states of cardiac insufficiency have severe scquclre. In most con- 
ditions of cardiac insufficiency and collapse, fall of the 'blood-pressure is the 
chief element, as is shown by the favorable effect which frequently can be prf)- 
duced in cases of collapse by subcutaneous infusion of salt solution, simply by 
increasing the pressure. In consequence of fall of blood-pressure the pulse-wave 
is in many cases lowered. The defective emptying of the heart, however, ren- 
ders more difficult the flow of blood from the large venae cavae into the right 
auricle. If the right ventricle is incompletely emptied, cot^gestion of the blood 
in the right auricle immediately occurs — ejj., in lesions of the tricuspid valves. 
Rhythmic swelling of the veins, due to impediment to the inflow into the auricle, 
wdiich is repeated with every ventricular systole, or even actual regurgitation 
pulse-wave, the so-called venous pulse may develop. Owing to the width of 
the pulmonary capillaries and the diminished pressure under which the blood 
flows into the pulmonary circulation, the congestion, in defective emptying of 
the left ventricle, extends also into the left auricle, through the pulmonary cir- 
culation into the right heart and vena cava. 

If weakening of cardiac activity with incomplete emptying of the heart 
is persistent, overdistention of, and increased pressure in, the venous system 
develop which extend to the finest branches and capillary area and lead to 
cyanosis, dropsy, conge.stive hemorrhages, cyanotic induration of the organs, 
congestive catarrhs of the respiratory and digestive tracts, etc. 

Another change of the heart muscle, which is extraordinarily fre- 
quently associated with the affections of the parenchyma, is frogmen- 
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tatio myocardii, myocarditc scgmcntairc. (See Fig. 319.) In this con- 
dition the muscle-bundles disintegrate into small fragments. The latter 
do not correspond to the cellular elements (between two Eberth's 
cement lines) of the muscle-bundles; on the contrary, they occur irreg- 
ularly and are variously outlined fragments, of unequal length, orig- 
inating by segmentation of individual muscle-bundles. The original 
view (Rcnaut), that the points of rupture correspond to Eberth's 
cement lines, is incorrect, since these cement lines are found in the 
middle between two muscle-nuclei and run parallel with the transverse 
marking, while the points of rupture are often seen immediately beside 
the nuclei and frequently possess irregular, serrated margins. The frag- 
ments are sometimes smaller than the diameter of a muscle-bundle, i.c., 
shorter than a muscle-cell segment. The lines of segmentation of neigh- 
boring muscle-lmnfiles often lie in an almost equal plane; thus, the 
impression of undulating lines, similar to those seen with great distinct- 
ness on macroscopic inspection of primary fatty metamorphosis, is not 
infrequently produced. (See Fig. 31S.) 

bVagmentalion never occurs as an independent process, and is 
always limited to those portions of the heart muscle which are cloudy 
or in a state of fatty metamorphosis. In mottled, cloudy swelling, the 
])arts most markedly altered are usually the scat of fragmentation. 

The softer, more flabby and friable the heart muscle, the more ex- 
tensive, as a rule, is the fragmentation. Hence, a correct diagnosis can 
often be made wiUiout the aid of the microscoj)e. On stroking the cut 
surface of the fragmented ])arts with a knife, countless minute fissures 
can be recognized, which are not observed in the absence of fragmenta- 
tion. 

As regards the significance of fragmentati(m, opinions are greatly 
at variance. Some authorities believe that fragmentation may be a 
cause of death; others consider the whole change to he an agonal phe- 
nomenon. At all events, fragmentation is found after sudden death, as 
well as after ])rulongc(l agony, and in arrest of the h.eart in diastole, as 
well as in firmly contracted hearts. 

Calcification of the heart muscle is a rare change, which usually 
occurs in^ striate or mottled form, and attacks principally the pajullary 
muscles. The infiltration with lime-salts occurs in the form of homo- 
geneous calcification, in the same manner as the ganglion cells calcify; 
it is always a concomitant of other changes, and does not occur until 
the affected muscle-bundles are dead. 

Rupture of the heart occurs through the action of external force 
(stab, shot, compression), or it is the result of alterations of the heart 
muscle from internal causes. The second form is closely connected with 
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fatty metamorphosis, the latter rendering the muscle at some point in- 
capable of function and less resistant, and finally causing it to rupture 
during contraction as a result of the high pressure (through passive 
distention). Rupture is by far most frequently observed in the left 
ventricle; the causes of the alterations of the myocardium are em- 
bolism of the coronary arteries and alterations of 



Fig. 320. — Calcification of the Fig. 322. — Myocarditic indu- 

heart muscle in a case of chronic ration. P, pigment. (Zeiss 

lead poisoning, a, slightly clouded Apochr., 16 ; Comp. Ocul., 4. 

musculature; h, calcified muscle- After Langerhans.) 

bundles. (Zeiss Apochr., 16; 

Comp. Ocul., 4. After Langer- 
hans.) 

the coronary arteries themselves, particularly arteriosclerosis 
with thickening of the wall and stenosis formation. Spontaneous rup- 
ture generally occurs only in advanced age, most often in old women. 
The altered portion of the muscle does not occupy a large area, but, as 
a rule, forms a peculiar, zizzag line. (See Fig. 321, £.) This is due 
to the fact that the muscle change progresses slowly and gradually. 
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Smaller traumatic, penetrating wounds may cicatrize, and are not 
necessarily fatal. 

Change of the interstitial tissue of the heart: interstitial myo- 
carditis {myocarditis interstitialis ) , occurs in two forms: first, as 
chronic fibrous, and, second, as acute purulent^ myocarditis. Chronic 
fibrous interstitial myocarditis ( myocarditis inter stitialis 
chronica fibrosa) begins with cellular proliferation; very firm, dense, 
hard, fibrous scar-tissue is thus produced through formation of inter- 
cellular substance. The parenchyma gradually disappears by atrophy. 
Whitish-gray bands, which may extend from the endocardium to the 
pericardium, develop within the musculature. The more musculature 
thus transformed into connective tissue, the thinner becomes the 



Fib:. 323. — A, aneurism; F, Fig. 324. — Aneurism of the 

myocarditis fibrosa; M, intact ba.se of the left ventricle. % 
musculature. natural size. (After Langerhans.) 

wall of the heart. The newly formed connective tissue is incapable 
of taking part iif the contractions ; it yields to the strong pressure 
within the heart and bulges outward. This results in partial dilation: 
aneurysma (partiale) cordis, (See Figs. 323, A, and 324.) This 
aneurism is most frequently ob.served in the left ventricle, which prob- 
ably is due to the fact that greater demands are made upon it and, there- 
fore, all changes become more manifest. Points of predilection are the 
anterior and posterior wall, and the thin portions at the apex of the 
heart. In contrast to these partial aneurismal dilations stands dilatatio 
universalis, which, as soon as it is associated with marked hypertrophy, 
produces the phenomenon of boucardia^: cor boznnum. In partial 
dilation there is only a comparatively slight deviation of the external 
form, not so marked as in aneurism of the arteries. The dilation visible 


1 = an ox ; KapBia = the heart. 
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upon the inner surface may be diminished, as it were, compensated, by 
partial thrombosis. These thrombi are sometimes very exten- 
sive and, when dislodged, may occlude the abdominal aorta. The phe- 
nomenon of paraplegia is then produced. 

Fibrous myocarditis {myocarditis fibrosa), fibrous interstitial myo- 
carditis, occurs principally in syphilis; further, in arteriosclerosis 
of the coronary arteries, after trauma and in marked abnsus spirituorum. 
Callous formations sometimes occur in the heart muscle with- 
out recognizable primary interstitial inflammation, apparently solely as 
the result of progressive atrophy of the musculature. This change is 
frequently observed in fibrous degeneration of the upi>er segments of 
the papillary muscles. 

Myocarditis suppurativa sivc apostematosa {myocarditis inter- 
stitialis acuta) results in abscess formation. It is cimiparable with 
metastatic abscesses in other organs, for there is no idiopathic purulent 
myocarditis ! The metastases in the heart muscle are of embolic nature 
and sometimes caused by an aortic endocarditis, when infectious ma- 
terials dislodged from the aortic valves enter the adjacent orifice of the 
coronary arteries and become arrested at some point. The process may 
originate directly by embolism by way of the blood in infectious dis- 
eases with formation of septic infarcts. If suppurative myo- 
carditis extends to the pericardium, purulent pericanlitis (pericar- 
ditis purnlenta) develops. On the other hand, acute myocarditis may 
originate from pericarditis. ► 

Hypertrophy of the heart, like cardiac atrophy, indicates altered 
nutritive conditions. In hypertrophy the individual muscle-bundles are 
thicker and ca])able of greater function. 

The thickness of the muscular wall of the heart is the greater 
(and the heart-cavity the smaller), the more complete the last contrac- 
tion of the heart, and the more incomplete the last contraction, the less 
is the thickness in relation to the cavity of the heart. The contracted 
state should be distinguished from true hypertrophy, and, likewise, the 
dilated state from diastole of the heart. (See p. 52.) The closed 
fist of the cadaver serves as a criterion in judging the size of the 
whole heart; the heart and fist should about correspond in size. If the 
heart is larger, dilation or hypertrophy exists. Causes of hypertrophy 
are alterations of the heart wall (e.g,, interstitial fibrous myocarditis) ; 
further, affections of the heart valves (insufficiency, stenosis) and in- 
crease of resistance in the arterial va.scular area (arteriosclerosis, aneu- 
risms, and hypoplasia of the arteries, contracted kidney?). In all 
cases hypertrophy is due to increased demands upon the heart and aug- 
mentation of its activity. In many instances, e.g., in all valvular defects, 
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dilation is present in consequence of more intense filling of the ven- 
tricles during diastole. More intense filling may occur when the ven- 
tricle, owing to opposed impediment (t’./y., stenosis of the aorta), is 
unable to force out all the blood during systole, the blood remaining in 
the ventricle being augmented by filling of the auricle. In other instances 
dilation develops as a result of the fact that, while in systole all the 
blood is forced out, in diastole more blood than normal flows in. This 
is the case in incompetency of the valves when these cannot sustain the 
recoil of the blood, and the ventricle receives in diastole blood from two 
sides. If the impediment to the blood-current lies outside of the heart- 
cavity, hypertrophy may occur without dilation (c./y., in arteriosclerosis, 
contracted kidney?). Dilation may, however, result here also, e.g., 
dilation of the right ventricle in chronic aflPections of the lungs (em- 
])hyscma, ulcerative and indurative phthisis) and of the bronchi (bron- 
chiectatic phthisis, chronic bronchitis, and coexistent adhesions of the 
pleuraO, in valvular lesions of the left side, in coexistent obliteration 
of the pleural and pericardial cavities. As long as the heart, through 
increased nutrition and hypertrophy, can meet the increased flcmands 
and the hyjiertrophy keeps pace with the stronger filling and the conse- 
quent dilation of the cavities of tlie heart, the impediment or alteration 
which causes the increased heart action is com pen >a ted. As 
soon, however, as the energy of the heart for any reason— through fur- 
ther increase of demands, through relaxation or exhaustion in conse- 
quence of nutritive disturbance — can no longer keel) ^1^^' 

creased work required, degenerative processes of the myocardium occur, 
which finally end in death. In many cases (especially in stenosis and 
incompetence of the aortic orifice) a marked passive dilation 
of the heart (of the left ventricle) begins with diminution of the strength 
of the heart. In^ ordinary dilation, which about corresjKinds to hyper- 
tro]ihy, the papillary muscles and trahecukT arc thick, fleshy, round; the 
increase in length corresjionds to the increase in diameter ; the trabecula* 
increase in number, new muscle-bundles arising froir the wall In more 
intense passive dilation, on the other hand, the papillary muscles and 
trabeculae lose their roundness and become longer and thinner; the 
papillary, muscles appear drawn out to a point toward the attachment 
to the chordae tendineae; the trabeculae are flattened, sometimes thin as 
paper, and the whole wall of the ventricle, in comparison with the very 
great dilation, is markedly thin. 

The cause of the cardiac hypertrophy observed in the course of chronic 
affections of the kidneys (renal cardiac hypertrophy) is still obscure. 
It is probable that several factors are operative. In such cases there is marked 
increase in the arterial blood-pressure, which, if persistent for several weeks, 
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results in hypertrophy of the heart, involving especially the left ventricle, and 
very soon also the right ventricle and both auricles. The blood-pressure is 
increased also in the pulmonary arteries. How this increased pressure is pro- 
duced is questionable. While retention of water (serous plethora, owing to 
insufficient excretion of urine), which in many cases of nephritis must augment the 
blood-pressure, is to be assumed, this certainly is not present in all cases, because 
retention of urine often does not occur until the last stages of nephritis, and, besides, 
this would explain only the hypertrophy of the left ventricle. Therefore, persistent 
increased resistance in the small branches of the whole arterial system (vascular 



Fig. 325. — Carcinomatous embolus in left coronary artery,* See Fig. 326. 

% natural size. (After Coffin.) 

spasm, inflammatory alterations of the vessel walls with narrowing of the lumen) 
has been brought forward to elucidate this. There is no positive evidence, however, 
in favor of persistent vascular spasm; alterations of the vessel walls, such as 
thickening of the intima, perhaps also of the muscularis, are demonstrable (Gull- 
Sutton’s arteriocapillary fibrosis), but in how far these are not 
secondary to hypertrophy of the left heart— i.e., a reaction to strong filling and 
pulsatile distention of the vessel wall resulting from pressure — is still unexplained. 
Impediment to the current developing as a result of destruction of numerous 
glomeruli in the kidneys is incapable alone of producing such marked increase of 
arterial pressure. Finally, chemic action due to retained urinary constituents also 
has been assumed to exist (Senator), though in many cases of very pronounced 
chronic nephritis retention of urine does not occur. 
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By idiopathic cardiac hypertrophy ^ is understood that form 
of hypertrophy in which no organic change of the heart or other organs 
can be found as a cause of the hypertrophy. This form of hypertrophy, 
usually in the left ventricle, is observetl in habitual, excessive beer drink- 
ers (Bollinger), in plethora, in athletes, and in subjects who perform 
very strenuous bodily labor (Leyden). 

In venous congestion the heart muscle has a dark-red, cyanotic 
color; the intensely distended coronary veins are plainly visible upon 



Fig. 326, — Embolus of epithelial cells in the cor.>nary artery. From th‘s 
embolus the myocardium became involved in secondary epithelioma, 

the unopened heart viewed in situ, and there usually is a more or less 
high degree of hydropericardium. 

In ||[eneral anemia the myocardium is pale red, and in chronic 
cases not rarely atrophic. Ischcniic states, wliich not infrequently occur 
as the result of sclerotic narrowing of the coronary arteries or of em- 
bolism or thrombosis, are followed by atrophic and necrotic foci in the 
myocardium, which later become the site of connective-tissue cicatrices. 

Myocardial inf arctS may follow vascular occlusion. The infarcts 
may later undergo softening (myomalacia), and subsequently be re- 


^ For hypertrophy in Basedow’s disease, see p. 742. 
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placed by cicatrices. Hemorrhages and hemorrhagic infarcts may 
occur in the myocardium; also in inflammation of the heart {c.y,, endo- 
carditis) and in general septic conditions puerperal sepsis). 

Primary tumors of the heart are very rare and partly congenital. 
Sarcoma, lipoma, fibroma, myxoma, rhabdomyoma have been observed. 
The secondary tumors are chiefly sarcoma (also melano- and lympho- 
sarcoma), rarer carcinomata, which reach the myocardium either by ex- 
tension from adjacent parts or by metastasis. (See Figs. 332 and 333.) 

Endocardium. 

The endocardium corresponds to what in the vessels is called the 
intima. Intima never signifies endothelium, but, like the endocardium, 
the strong connective-tissue membrane, rich in elastic fibers, upon which 
the endothelium rests. Neither in the heart nor in the vessels is the 
endothelium itself the seat of independent pathologic i)rocesses. The 
endocardium, like cartilage, is almost entirely vascularless ; it is freely 
provided with vessels only in the fetal state. Under certain circum- 
stances, however, the endocardium is vascularized from the underlying 
tissue, most frequently at the base of the mitralis. Owing to this poor 
vascular supply, hyperemia and exudative processes are never observed 
in the endocardium. When fibrinous masses occur ui)on the inner sur- 
face of the endocardium, these arc always precipitates from the blood: 
thrombi. , 

The changes of tlie endocardium occur in the substance itself, f.c., 
they are essentially parenchymatous processes. These occur principflly 
in localities where the vessels approach from the underlying layer, i.c., 
not in the surface, but in the deeper layers of the endocanlium. 

Accordingly, thrombi and inflammations of the endocardium must 
be differentiated. P>oth frequently coexist, but are not necessarily inter- 
dependent, just as venous thrombosis may exist with and without endo- 
phlebitis. 

In contrast to the inflammatory changes of the endocardium stand 
the pure atrophic alterations, the chief seat of which are the 
semilunar valves. In these it is not rare to see above the line of closure 
very thin places of completely transparent consistency, from which small 
holes develop as a result of progressive atropliy, as in fenestrated atrophy 
of the omentum. These fenestrated valves are a quite insignificant state 
for the ]X)ssessor, as far as the part of the valve above the line of closure 
is unessential for the capability of closure of the valve, so long as this 
is not altered by other processes (with retraction). In strict contrast 
to atrophy, a cellular proliferation of the endocardium 
is the chief change in chronic (latent) endocarditis. 
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Endocarditis, like endoarteritis, in its ordinary course manifests a 
marked disposition to fibrous, sclerotic processes. Sclerosis takes 
its name from the hardness of the altered parts. This change frequently 
occurs focally in tlic form of spots and nodules, especially on the valves, 
as endocarditis chronica fibrosa basilaris, or maryinalis, or nodularis. In 
the auricles, especially in the left, uniform tiiickenings occur. A single 
segment of a valve is almost never uniformly affected. 

In the ventricles the parietal endocardium may be altered by a 
chronic inflammatory process: endocarditis chronica parictalis. This is, 
as a rule, the case when a severe alteration of the myocardium, especially 
chronic interstitial myocarditis, extends to the endocardium and finally 
involves the latter. Thickenings arc observed also in incompetence of 



Fig. 327. — C'hAiiiic fibrous aortic endocarditis of the noduli arantii, n, 
and of the line of closure, s. Very slight retraction. The free margin is 
unaltered. At u\ and mi> two perforations. Natural size. (After Langer- 
Itans.) 


the aortic orifice at those localities in the left ventricle wliich are espe- 
cially exposed to 1»he backw’ard impact of the blood (attachment of the 
aortic segment of the mitral and >cptum carneum alongside of the 
posterior papillary muscle), h'inally, there is also an independent parietal 
endocarditis which may occur at all points, to be seen at the left ventricle 
more frequently than at the right. 

Every chronic endocarditis begins with increase of volume: with 
cellular proliferation. The new cells lead to the formation of new in- 
tercellular substance. This gradually increases in bulk, and the prolif- 
erated cells develop into long, slender spindle-cells. In proportion as the 
intercellular substance increases, the cells usually become less distinct, 
until finally fibrillated intercellular substance p:)reponderates. This fibril- 
lated tissue condenses more and more, acquiring an almost homogeneous 
consistency, which is very similar to the basement substance of hyaline 
cartilage, but does not contain chondrin. This thickening is associated 
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with retraction, which is most important for the further history of 
heart diseases, because as a result of this the valves are so altered that 
they are no longer able to perform thejr function — the ostia become 
too narrow, and the valves (the semilunar and auriculoventricular) do 
not close. The retraction, however, is not in all cases so great that 
further consequences must necessarily result. When the process — the 
chronic fibrous endocarditis — is arrested, tlie sclerotic state of the new- 
formed masses of connective tissue remains stationary, or calcification 
by deposition of lime-salts in the indurated parts follows. 

Retraction in the neighborhood of the valves may have a double 
direction : 1, a longitudinal, i.r., parallel with, but in opposite 
direction to, the blood-stream, in the direction from the free border toward 
the base of the valves, or, 2, a transverse, a direction at right angle 



Fig. 328. — Incontinence of the aortic orifice from chronic fibrous retract- 
ing aortic endocarditis, with coalescence of the free mr.rgins and of the 
line of closure of the valves to form a dense, somewhat nodulated mass, with 
marked shortening from retraction and adhesion ; coalescence of the lateral 
parts of the valves. Natural size. (After Langerhans.) 

to the blood-stream, at the level of closure parallel with the free margin 
of the valves. , 

The result of retraction in a longitudinal direction is 
shortening with lowering of the valves: the semilunar as well as the 
auriculoventricular valves. As the base of the valves is always perma- 
nent, the position of the free margin must be so altered by the shortening 
that it is brought nearer to the base. When the inflammatory process 
extends from the auriculoventricular valves to the chordae tendineae, these 
also are shortened by retraction, in that they, in the same manner as 
the valves, are brought closer to the base of the valves; the papillary 
muscle is thus brought nearer to the auriculoventricular orifice. The 
shortening of the chordae tendineae is often so marked that the apex of 
the papillary muscle lies close to the thickened valves and scarcely any 
part or none of the chordae tendineae can be recognized. 

Marked shortening of the valves in a longitudinal direction leads 
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from a certain stage onward to incompetence (insufficiency), ic., to the 
state in which the valves can no longer sustain the backward 
impulse of the blood (at the pulmonary and aortic orifices during 
diastole, at both auriculoventricular valves during systole), so that now, 
during diastole, blood can flow back from the aorta or pulmonalis into 
the left or right ventricle, respectively (regurgitation). In general, 
incontinentia ostii aortici and pulmonalis (in special, i,e,, in individual, 
cases certain factors may modify this general rule) occurs only when 
the valve is so shortened by retraction that the length of the valve is 
shorter than the distance from the base to the margin of closure. 

In retraction of the valves in transverse direc- 
tion the valves are not shortened, but the orifice is narrowed, in that 



P'ig. 329. — Marked stenosis of the aortic orifice. Natural sixe. View 
from the aorta. The aortic valves, calcified and adherent to each other 
laterally, form a rigid cone projecting into the aorta, at the point of which 
is located the greatly narrowed ostium, a, right coronary artery; b, left 
coronary artery; o, o.stium; r, right valve; /, left valve; h, posterior valve. 
(After Langerhatuf) 

those points at the margins which are affixed must approach each other. 
Insufficiency also is thus produced, and, in the higher degrees 
of retraction, stenosis. Every stenosis offers a certain resist- 
ance to emptying of a hcart-cavity : stenosis of the auriculoventricular 
valves to emptying of the auricles; stenosis of the aortic or pulmonary 
orifice to emptying of the ventricles. Consequently, congestion with 
<iilation of the affected heart-cavity develops on the proximal side of 
every stenosis. 

Chronic endocarditis is frequently associated with partial adhesions 
— synechiae — of adjacent valvular parts (endocarditis adhcBsiva), 
which, however, are not, as in adhesion of serous membranes, due to 
‘secretion and interdeposition of an exudate, because the endocardium 

41 
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can produce no exudate. The adhesion occurs rather as a result of the 
fact that the surfaces, in consequence of the proliferative process, acquire 
a condition like a wound (raw) surface, a kind of granulation tissue 
forming, similar to what occurs in burns; these wound surfaces on the 
valves come in contact where they are able to touch (c.gr.^ in the semi- 
lunar and auriculoventricular valves in the region of the 
surface of closure, i.c*., between the free border and the margin of closure ; 

in the chordse tendineae throughout more or less their whole extent, chiefly, 
however, at the apex of the papillary muscle and in the region of the 
valves), and finally grow together. Coalescence of neighboring valvular 
parts occurs partly also in the same manner as it occurs in the eyelids, 



Fig. 330. — Stenosis of aortic orifice from complete adhesion of the right 
and left valves to form one valve with subsequent calcification (endocarditis 
aortica chronica adhaesiva et fibrosa retrahens calculosa). Death from ether. 
Natural size. (After Langerhans.) 

the mouth, at the orifices of the uterus, namely, by gradual approxima- 
tion in consequence of retraction and shrinkage. , 

Extensive valvular adhesions lead to incontinence and stenosis also 
in the absence of retraction. More frequently, however, retraction and 
synechiae coexist, in consequence of which equalization — compensation 
— of the disturbance does not occur, but rather intensification and aug- 
mentation. Sometimes secondary, compensatory phenomena develop, tin 
shortening of other valvular parts being gradually equalized by com 
pensatory lengthening — elongation — of one of the nor 
mal valvular segments before an open cleft (incontinence) occur*-. 
This elongation can occur only in parts which have been unaffected 
by the inflammation, never in thickened, sclerotic valves. 

Sometimes two semilunar valves gradually coalesce by adhesion to 
form a single and, as a rule, a particularly large valve. In this cai- ‘ 
the two sinuses belonging thereto coalesce to form one sinus. 
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By coalescence of all three valves, a very marked degree of stenosis 
with a somewhat rounded opening develops. (See Fig. 329.) 

Coalescence of valvular parts occurs also congenitally as vitium 
primce formationis; the acquired endocarditic form is distinguished 
from this by the fact that a small ridge is still recognizable as the 
boundary of the originally separated sinuses of Valsalva. 

Adhesion, similar to adhesion and occlusion of the palpebral fissure, 
always leads to narrowing. Congenital atresias and stenoses are defects 
in embryonal development (see p. 191), and not the product of fetal 
endocarditis. 

The chief cause of valvular lesions is acute articular rheumatism. In 670 
cases observed in the Leipzig Clinic, valvular lesions occurred in almost 60 per cent. 
The younger the individual, the greater the danger of endocarditic complication. 

In respect to the influence of valvular lesions upon health and duration of life, 
the prognosis in general is, according to O. Burwinkel,t viewed too gloomily. Most 
statistics are based upon hospital observations which cannot be accepted as decisive, 
because patients generally do not enter the hospital until subjective symptoms are 
manifested by disturbed compensation. The view that valvular lesions must in- 
variably soon cause death is erroneous, nor are sudden deaths especially frequent: 
they occur only exceptionally in aortic lesions. Many persons experience no dis- 
turbance for a number of years, in spite of valvular lesions, and death may finally 
occur from an intercurrent affection; indeed, they often arc unconscious of the 
existence of a heart lesion. Of 150 cases of valvular lesions observed by Middleton, 2 
in 24 the lesions were accidentally discovered, as they produced not the slightest 
inconvenience. Two-Thirds of the patients with valvular lesions observed by Allyn^ 
were over 50 years, 28 over 60 years, 16 over 70 years, 7 over 80 years, and 2 
over 90 years of age. 

Not every organic alteration of the valves is synonymous with valvular lesion ; 
in addition to the anatomic lesion there must be functional disturbance. The 
functional capacity is the criterion whether the lesion is to be regarded quantitatively 
as indifferent or severe. Whether the circulation is actually so disturbed as un- 
favorably to influence health cannot be judged from the intensity of the munnur 
revealing the anatomic alteration. Every valvular lesion is, of course, an increased 
tax upon the cardiac musculature; increased cardiac action is essential for com- 
pensation, but the normal heart is ever ready to accomplish many times what is 
demanded in a state of rest, and without detriment it continually sustains increased 
demands in persons engaged in many forms of occupation. 

The animal experiments of Tangl and Balint,^ in which valvular lesions were 
artificially produced, showed that, while physiologic hypertrophy occurred as the 
result of the increased work of the heart, there were no manifestations of incom- 
pensation. At necropsy the myocardium showed neither degeneration nor increase 
of connective tissue. There are many individuals whose condition, in spite of a 
clinicly well-defined valvular lesion, does not differ from that of a healthy subject— 

^ Fortschritte der Medizin, No. 34, p. 799. 

^ Lancet, 18W, p. 8^5, 

*Amer. Jour, of the Med. Sci„ Nov., 1910. 

^ Dcotsch. med. Woch.. 1908, No. 1. . 
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in whom medical observation for years and decades reveals neither diminished 
capability nor alteration of the objective state. Such ideal compensation should not 
be regarded as “heart disease,” but at most as a cardiac defect. Unfortunately, 
however, the alterations of the valves are frequently so marked that the cardiac 
power is insufficient to regulate the impediment to the circulation. Hence, in prog- 
nosis the degree of the anatomic lesion, which may be so slight as scarcely to alter 
the blood-stream, but so extensive as to cause great disturbances, is of chief im- 
portance. In anatomic processes of equal intensity the reactions upon the circula- 
tion and organism arc often very difTerent. Very much depends upon body con- 
stitution, hereditary states, temperament, age, mode of life, etc. Above all, it is 
necessary sharply to differentiate upon what basis a valvular lesion developed. 
Valvular lesions of rheumatic origin acquired in youth arc to be viewed far more 
favorably than the sclerotizing processes which extend secondarily from the aorta 
to the endocardium and valves. This sclerotic endocarditis tends constantly to 
progress and to involve the myocardium. As regards health and duration of life, 
mitral insufficiency is the most benign, and then aortic insufficiency ; here the heart 
usually is able for a long time to meet all increased demands. Complete compen- 
sation is much rarer in aortic stenosis, because it usually develops in advanced age 
upon the basis of arteriosclerosis. Complete compensation of mitral stenosis is 
the exception. Here it may be remarked that there is a pure mitral .stenosis without 
insufficiency (retrecissement mitral absolument pur, Durozicz), which in character, 
manifestations, and clinic course is an independent valvular lesion that not rarely 
is overlooked. It is observed principally in debilitated, anemic women during the 
second and third decades. The majority die before the 40th year; the menses often 
are delayed and irregular; abortions or sterility are frequent manifestations. Pul- 
monary stenosis, which usually is congenital, generally results in death at puberty; 
an age of 30 years is scarcely ever attained. 

Why does the hypertrophied myocardium due to valvulhr lesions tend to ex- 
haustion? Why does it not permanently retain the power of accommodation? 
According to Burwinkel,! the process established first in the valves gradually extends 
to the myocardium, which regularly is found to be affected in the form of an endo- 
arteritis of the small myocardial arteries, and an increase of connective tissue with 
extensive disappearance of muscle substance. If, as a result of this chronic inflam- 
matory process, the myocardium has suffered in structure And nutrition, feeble, 
incomplete contractions, dilation of the cardiac wall, and further symptoms of 
disturbed compensation occur. Thus, in the prognosis of a valvular lesion the 
nature and severity arc the chief elements to be considered; next the reserve forces 
of the myocardium and the adaptability of the organism, especially the state of the 
peripheral vessels. According to Burwinkel,2 a most important criterion in deter- 
mining in individual cases the functional capacity of the heart muscle is the amount 
of work which can be done without the occurrence of dyspnea. In reality, every 
heart is relatively insufficient; for even the strongest and most thoroughly trained 
individual finds a limit to his bodily exertion; if he overexerts himself, shortness of 
breath, increased pulse rate, palpitation, and other indications of relative insufficiency 
become manifest. In this respect there are great differences in different individuals, 
and it is not always easy to decide whether in a given case the heart is able fully 
to cope with the disturbed state of the circulation. 

1 “Die Behandlung der Herzklappenfehler,” Fortschritte der Medizin, 1911» 
No. 34, p. 801. 
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When coagula are deposited upon the endocardium during life, 
thrombi develop. According to their external configuration, three 
forms are distinguished in the heart (see Fig. 331) : — 

1. Verrucous. 

2. Globular. 

3. Polypous. 

The first, the verrucous form (bto Fig. 332), is found prin- 
cipally upon the valves {thr, valvularis) ; the spheric, or glob- 



Fig. 331. 

u 1 a r , form upon the walls of the ventricles between the trabeculae 
{thr, parictalis) \ the polypous form especially in the auricles {thr. 
auric ular is) y next upon the valves. These thrombi, therefore, are always 



Fig. 332. — Endocarditis mitralis verrucosa. The margin of the mitral is 
covered with small warts. Natural size. (After Longer hans.) 


formations derived from the blood, which grow by -successive deposition 
of new lamina. 

In the interior of the thrombi metamorphoses frequently occur: 
first, inspissation, from which hardening, hornification, and calci- 
fication may result, and, second, softening, puriform soft- 
ening. In the latter case the thrombus may easily disintegrate and 
cause embolism. The spheric, parietal cardiac thrombi manifest the 
least tendency to fragmentation. Thrombosis of the left heart causes 
embolism of the peripheral vessels, and thrombosis of the right heart, 
embolism of the lungs. 
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There are two causes for the development of throm- 
bosis of the heart (see p. 76): first, foreign substances which 
come in contact with the blood, and, second, the formation of mechanic 
inequalities in the wall (dilation, aneurysma, rccessus between the 
trabeculae), which bring with them the possibility of congestion, a greater 
sluggishness of the blood; the inequalities which develop in endocar- 
ditic affections are the most frequent cause and seat of thrombosis, 
and the tendency to thrombosis is the greater, the more dead substances 
are formed by the endocarditic process. 

Thrombi form in the rccessus between the trabeculae and in dila- 



Fig. 333. — Dilation of the left ventricle due to chronic fibrous multiplex 
interstitial myocarditis, with numerous parietal thrombi in the ventricle and 
in the ascending aorta (case of syphilis), a, myocarditis with indurations; 
h, parietal thrombi of the heart ; c, parietal thrombi of the a^^^cending aorta ; d, 
pointed and fibrous degenerated papillary muscle. The thrombi have a glob- 
ular form. 1/2 natural size. (After Langerhans.) 

tion only when the organic integrity of the myocardium is altered, and 
hence its function so relaxed or encumbered by sclerosis that it no longer 
can contract sufficiently. 

Aneurisms of the valves, of the aortic valves (see Fig. 334), 
upon the convex (i.r., facing the ventricle) surface of which fibrin 
masses are usually deposited, are also a frequent cause of thrombosis. 
Rupture of such an aneurism almost always results in embolism. 

Malignant endocarditis, like acute endoarteritis and endophleWtis, 
always begins with cellular proliferation. The latter, analogous to cloudy 
swelling, is soon followed by granular clouding of the whole affected 
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area with especial involvement of the cells. In such localities masses of 
fibrin are always deposited. Within the thrombi and the affected parts 
of the endocardium micro-organisms are regularly found, chiefly strep- 
tococci and staphylococci, upon the presence of which the malignancy 



\ 


Fig. 334. — A, aneurysma valvulae aorticae; TItr, thrombus; n, nodolus arantii; 

Vf valvula aortica. Schematic. 

depends. The micro-organisms are in all probability derived from the 
circulating blood, and are deposited upon and finally within the endocar- 
dium from the blood. The result is early necrosis and disintegration 



Fig. 335.— Endocarditis chor- 
dalis ulcerosa. S, chordae ten- 
dineae; K, valve; P, papillary 
muscle; E, endocarditis chordalis 
ulcerosa. Schematic. (After 
Langerhans.) 


Fig. 336. — Endocarditis mitralis 
traumatica from a man aged 25 years 
who had been crushed at the age of 10 
years, and n’^, cicatrices with pe- 
ripheral radii. Lateral adhesion of both 
valves. At o fissure-like opening, non- 
adherent parts of the lateral margins. 
(After Langerhans.) 



with detachment of small particles from the wall and the thrombotic 
masses; these are washed away by the blood-current and produce meta- 
static embolic foci in distant parts of the body. An ulcer surface de- 
velops in the endocardium: endocarditis ulcerosa. Pus, however, is 
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never formed ; the ulcer secretes only necrotic, disintegifated masses : detri- 
tus. Such an ulceration may involve a single valve at the pulmonary or 
aortic orifice, and destroy it all but a small basilar remnant, or two or 
all three valves may be altered, but usually to an unequal degree. 

Ulcerative endocarditis may be primary (so-called cryptogenetic), 
but usually it is secondary to acute infectious lesions. In either case it 
generally is accompanied by the development of multiple (metastatic) 
abscesses. 

An especial form is endocarditis maligna chordalis. The chordae 

extend from the papillary muscle 
to the valve, but before they 
reach the valve they divide into 
two parts, of which only one is 
inserted into the free margin of 
the valve, the other extending 
farther beyond this point. The 
point of bifurcation of the chordae 
tendineae manifests an especial 
disposition to the malignant form 
of endocarditis, button-like swell- 
ings ( see Fig. 335 ) which disin- 
tegrate by necrosis and produce 
rupture of the tendinous cords 
quite often developing here. The 
torn parts of the cord then hang 
loose. ]f all the cords are de- 
stroyed, incompetence of the 
valve occurs, because this is 
driven back and forth by the 
blood-stream.* 

The heart valves may be 
altered also by trauma (crushing 
of the chest, violent blow, etc.) 
without production of a wound; this is so-called traumatic endocarditis. 
This occurs chiefly at the aortic orifice, comparatively rare at the mitral. 
(See Figs. 336 and 337.) 

Aneurisms of the aortic and mitral orifices have their entrance 
on the side opposite to the blood-current; they, therefore, bulge out on 
the side facing the blood-stream: at the aortic orifice toward the ven- 
tricle (see Fig. 334) and at the mitral toward the auricle. Here it is 
a question of true aneurisms — always a process associated with new 
formation (hyperplasia and dilation) — not one of simple dilation. When 



Fig. 337. — Endocarditis initralis 
traumatica. The same as in Fig. 336. 
The surface directed toward the ven- 
tricle. At I apertures between partial ad- 
hesions of the chordae tendineae. (After 
Langerhans. ) 
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such an aneurism is provided with an opening, there is insufficiency of 
the valve. This form of insufficiency differs from the ordinary form, 
which is caused principally by marginal sclerosis or ulceration. The 
ordinary valvular aneurism occupies, as a rule, the center of a valve at 
the aortic or mitral orifice. 

Aneurism of one or several sinus Valsalvae not infrequently 
occurs at the aortic orifice, particularly in arteriosclerosis and in old 
age. In this condition the sinus gradually enlarges in all its dimensions, 
and bulges outward. In very rare cases perforation into the pericar- 
dium may occur. 

Aneurism of the septum membranaceum ventriculorum, close 
beneath the aortic orifice between the base of the right and left aortic 
valves, belongs to the rarer changes. In consequence of the intense 
pressure in the left ventricle, this aneurism bulges toward or rather into 



Fig. 338. — AncMirysma valvuia? aortic.x clcxtnc rnpttim. Endocarditis 
aortica vcrruco.sa. • Synechia valvuUe aorticae dextrse et posterioris. % natural 
size. (After Langerhans ) 

the right ventricle. An aperture develops through perforation only in 
extremely rare instances. 

True cyanosis {morbus cccrulcus. blue disease) is due to fetal 
disturbance in th^ region of the right ventricle with stenosis during 
the first third of intra-uterine life. The stenosis may occur at three 
points: in the region of the pulmonary artery, at the pulmonary ori- 
fice, and in front of the conus of the pulmonary artery. (See Mal- 
formations of the Heart, p. 191 et saj.) 

Endocardial Tumors. — The majority of so-called endocardial tu- 
mors, according to Stahr,^ belong to thrombus organizations, and a few 
to the genuine blastomata (myxomata, hemangiomata). The blastoma- 
toid products of thrombus organization differ from myxomata by their 
ix>verty of cells and their richness in blood, blood-pigment, and blood- 
vessels; from the hemangiomata by the lesser thickness of the blood- 
vessels, the smaller size of the endothelia and, in general, by the absence 


i Virchow’s Archiv, Bd. 199, p. 162, 1910. 
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of independent cell proliferation. Differentiation between thrombus organ- 
ization products and obliterating hemangiomata is most difficult and some- 
times scarcely practical. No essential significance in differential diagnosis 
can be attributed to the mucus reaction and to richness of elastic tissue 
fibers. It is quite possible that, similarly to callous tumors, blastomata 
develop in and upon the basis of organized endocardial thrombi, and in 
a part of the endocardial tumors heretofore described this interpretation 
appears permissible. Endocardial ruptures are said to be responsible for 
the origin of the large, broad-based endocardial thrombi from which the 
blastomatoid organization products develop. 

ARTERIES AND VEINS. 

Arteries and veins are distinguished essentially by the fact that 
the former possess a very strong, muscular median coat, while in the 



Fig. 339. — Epithelial layer lining the posterior tibial artery. 

250 diameters. (After Schaefer,) 

latter only a few muscle elements are present. Consequently, the arteries 
are constricted in the cadaver (by so-called cadaveric rigor mortis of 
the muscularis), narrow, and thick-walled, while the corresponding veins 
are dilated and thin-walled. The muscularis is most strongly developed 
in the medium-sized and smaller arteries, diminishing in amount as the 
arteries become larger, elastic lamina taking its place, especially in the 
aorta. In the arteries and veins the intima and the jfdventitia are con- 
nective-tissue tunics; in the larger arteries they are very rich in elastic 
fibers. The endothelium is a thin, single layer of flattened epithelium. 
The intima, like articular cartilage, is almost entirely devoid of vessels; 
consequently, it can neither become hyperemic (every uniform redness 
is a cadaveric process; imbibition with dissolved blood-coloring matter) 
nor produce free exudates. Every coagulum which forms upon the in- 
ternal surface is always a precipitate from the blood: thrombus. 

In the category of malformations (see p. 193) belongs abnormal 
smallness of the aorta {aorta angusta) and of the whole arterial arborifi- 
cation. All parts, including the aorta, may be markedly narrow, thin- 
walled, and more elastic than normal vascular structures. This deficient 
development (hypoplasia) is, as a rule, associated with certain irregu- 
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larities in the distribution of the vessels (irregular origin, excess or 
deficiency of the intercostal arteries, etc.) and fatty metamorphosis of 
the large, flat intima cells in the uppermost layer of the internal mem- 
brane of the aorta and of the next largest trunks. In the male between 
the 20th and 30th year, the incised ascending aorta has an average diam- 
eter of 76 mm., in the female 72 mm.; the aortic orifice in the male is 
80 mm,, in the female 77 mm.; the pulmonary orifice is 92 and 89 
mm., respectively. 

Acute inflammations of the vessel walls may result in the forma- 
tion of exudates ; the exuded masses, however, are never situated in the 
lumen of the vessel, hut always in the substance of the vessel itself. 
The intima is impermeable for this exudate; consequently, the exudate 
may accumulate at the junction of the muscularis and intima, and form 



Fig, 340. — Transverse section of part of the wall of the posterior tibial 
artery, a, epithelial and subepithelial layers of inner coat; b, elastic layer 
(fenestrated membrane) of inner coat, appearing as a bright line in section; c, 
muscular layer (muldle coat) ; d, outer coat, consisting of connective-tissue 
bundles. In the interstices of the bundles are some connective-tissue nuclei, 
and, especially near the muscular coat, a number of elastic fibers cut across. 

75 diameters. (After Schaefer.) 

true abscesses, and the intima thus be completely elevated ; never- 
theless, the exudate does not penetrate the intima. When the intima is 
elevated from the muscularis over a large area, it finally lies as a relaxed 
membrane folded in the middle of the vessel and bathed in pus. If rup- 
ture of the intima occurs and the pus collects in the lumen, this is always 
a secondary phenomenon of mechanic origin. Every acute exudative 
inflammation, therefore, progresses chiefly in the middle and external 
vascular coats, quite irrespective of whether the inflammatory stimulus 
acts from without or within. 

The changes caused by acute inflammation generally correspond in 
every way to the ordinary phenomena of parenchymatous inflammation : 
swelling and clouding. In inten.se inflammatory irritation from infec- 
tious material, exudates are produced. The latter may be homogeneous, 
granular, purulent, or ichorous in character. When only the vessel- 
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sheaths are affected, a purulent, ichorous, or an indurative periar- 
teritis or periphlebitis, respectively, may develop. The process 
begins with swelling, hyperemia of the vasa vasorum, ecchymoses, edema- 
tous imbibition, and proliferation of the connective tissue. This is always 
the case after ligation and trauma. The affected vessel thus becomes very 
firmly adherent to the neighboring parts, so that it can subsequently be 
isolated only with great difficulty and care. The purulent and ichorous 
inflammations are always extension processes from surrounding parts, 
and occur in phlegmon, abscesses, infected wounds, etc., and also in con- 
nection with purulent inflammation of the media in infectious emboli. 
In the veins the purulent and ichorous processes very quickly extend to 
the middle and inner tunics of the vessel, and first cause thrombosis 
within the lumen. If suppuration or ichorous processes of the whole 
wall of the vein subsequently occur the thrombus also undergoes puru- 
lent or ichorous disintegration: thrombophlebitis purulcnta sivc ichorosa. 

Inflammations of the media : mesoarteritis and m e s o p h 1 e - 
bit is, usually begin with focal vascular injection and small ecchymoses; 
to these are added swelling and clouding; the wall becomes thicker, more 
rigid and opaque, whitish or yellowish white ; the intima assumes a wrinkled 
or tumefied appearance. In the intenser grades of inflammation, small, 
pustuIe-Iike, yellowish macula sometimes develop, as a result of which 
the intima is easily elevated. In these cases the process is not purulent, 
but amorphous, granular elevations or protuberances develop which, on 
liquefaction, form a puriform mass. These may .discharge into the 
lumen by rupture of the intima and mix with the blood. In other cases 
an adjacent abscess extends to the vessel wall and causes perforation 
of the intima through necrosis. The same process may occur also in 
connection with neoplasms (tubercle, carcinoma). Chronic inflamma- 
tion of the media occurs more frequently in the veins than in the arteries. 
The wall becomes thicker and, in consequence of proliferation of the 
connective tissue, assumes a more homogeneous appearance. As a rule, 
this chronic inflammation is associated with a similar periphlebitis and 
thrombosis. 

The intima is involved to a relatively slight degree in acute inflam- 
mations; it becomes slightly thickened, is a little clouded and wrinkled. 
As already stated, in purulent and ichorous processes of the other vessel 
tunics it often for a long time serves as a barrier, so that frequently 
thrombosis does not occur until it finally is destroyed by necrosis. 

Circumscribed proliferation of the endothelium of the vessels be- 
longs to the rarer occurrences. Thus far this has, with some degree of 
certainty, been observed only in the glomerular tufts in so-called glom- 
erulonephritis ; also in the central artery of the retina. 
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The commonest change of the vessels is simple fatty meta- 
morphosis. This may involve all parts of the vessel. Tt 
is most rarely observed in the endothelium of the larger 
vessels; here, as a rule, only the result — the defect following the 
destruction — is noticed, the surface assuming a somewhat cloudy, dull 
appearance. Simple fatty metamorphosis of the cells of the capil- 
laries, which, as is known, consist only of an endothelial layer, is 
seen much more frequently, especially in the brain. 



Fig, 341.— Fatty stellate cells from the aortic intima. 


(After 


In the aorta, simple fatty metamorphosis of the 
intima is one of the most frequent necropsy findings; it occurs prin- 
cipally in anemic and chlorotic individuals. At first very small, delicate, 
opaque, yellowish striie and ])uncta are seen; then fine, sometimes reticu- 
lated figures, with somewhat coarser nodular foci, and, finally, somewhat 
more marked, prominent accumulations. All these yellow markings cor- 
respond to the large stellate cells of the intima, which, as the result of 



Fig. 342. — Eiuloaorlitis chronica deformans. 

fatty metamorphosis, are often distinctly recognizable^, even with the 
naked eye. With advance of the process the limitations of the individual 
cells are gradually lost, the intercellular substance at the same time grad- 
ually disappearing. If the fatty metamorphosed cells are on the surface, 
parts may be dislodged and washed away by the blood-stream and 
superficial loss of substance occurs by so-called fatty 
erosion. Such parts have a slightly velvety appearance. 

Patty metamorphosis occurs also in the m u s c 1 e - c e 1 1 s of 
the media. It is of greatest importance in the origin of dilations 
ruptures, in ordinary and in dissecting aneurism of the aorta, and 
is frequently observed in the smaller cerebral arteries. 
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Simple fatty m^amorphosis of the adventitia of the vessels is 
much rarer. 

In contrast to simple fatty metamorphosis stands that form which 
is the termination of inflammations. This occurs principally in the 
intima, namely, in the deepest layer next to the vascular media (see 
Fig. 342, IV ) ; it begins with inflammatory proliferation of the intima 
cells. The process can best and most often be observed in the aorta. 
As the result of the proliferation circumscribed, less often diffuse, solid 
swellings develop in the intima, which at first have a swollen, trans- 
lucent, gray or reddish gray, roughened appearance. The swollen areas 
are more succulent, partly through imbibition with watery constituents 
of the blood, partly through secretion of mucinous masses, and have a 
colloid character. In addition, areas occur which have acquired a very 
dense consistency and whitish color through increase and contraction of 
the intercellular substance. The corresponding areas in the media and 
adventitia are hyperemic and sometimes send newly formed vessels into 
the inflamed areas in the intima. As soon as the inflammatory prolif- 
eration has reached a certain degree of intensity, retrograde metamor- 
phosis begins: the cells die by fatty metamorphosis. Out of the richly 
cellular thickenings produced by the proliferation true atheroma 
develops — an at first closed focus filled with atheroma (d^ypa — pap). 
The atheromatous material is composed of a puriform mass consisting 
of disintegration products, fatty detritus, amorphous tissue fragments, 
and cholesterin crystals. By progressive softening, Bursting of the focus 
and discharge of the puriform mass may occur ; atheromatous 
ulcer thus originates. The latter heals with the formation of a 
small, flat, often pigmented cicatrix. The cicatricial forma- 
tion rarely results in constriction; in some cases, however, this is so 
marked as to cause stenosis. < 

Within the thickened sclerotic areas in the aorta calcifica- 
tion by deposition of lime-salts frequently occurs. This is not, how- 
ever, a simple impregnation with lime-salts, but in part also a kind of 
ossification, since the lime-platelets contain branched, jagged 
cells which possess a certain resemblance to cartilage corpuscles. Such 
areas have a brownish-yellow tint. 

Endoaortitis and endoarteritis chronica deformans involve chiefly 
those localities which are subjected to traction, distention, and stretching: 
e,g,, in the aorta at the point of insertion of the ductus Botalli, at the arch 
of the aorta at the point of origin of the vessels (intercostal arteries, 
etc.), the surface of the descending aorta attached posteriorly to the 
spinal column, etc. In these cases the thickening of the intima is the 
resuh of unequal tension and distention. 
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These changes, especially when they are strongly marked in the 
ascending aorta close above the aortic orifice, quite frequently extend 
secondarily to the valves, particularly to the base of the aortic valves, 
and produce a secondary endocarditis aortica chronica, 
which, like the above-described chronic endocarditides, may cause 
stenosis and incompetence of the aortic orifice. 

Chronic endophlebitis is of very rare occurrence, manifests a marked 
tendency to calcification, but none at all to atheromatous formation. 

Under certain conditions in which there is an especial disposition 
to calcification, c,g,, in advanced age, calcification of the muscularis 
occurs in the absence of inflammation, every muscle-cell being trans- 
formed into a lime-spindle by deposition of lime-salts. The calcifica- 



Fig. 343. — Endoaortitis chronica deformans. Thickening of the intima 
and slight fatty metamorphosis in the deeper layers of the intima. m, elastic 
media; i, intima; o, upper layer of the intima without fatty metamorphosis; 
u, lower layer of the intima with fatty metamorphosis. (Zeiss Obj., a 2 ; Comt». 
Ocul., 4. After Langerhans.) 

tion sometimes extends throughout almost all the' medium-sized and 
smaller arteries, and then also readily advances to the immediate neigh- 
borhood. The intima, as a rule, remains uncalcified; it often assumes 
a slightly wrinkled appearance. This calcification is a purely passive 
process, the constant cause of senile gangrene. The calcified 
media forms a rigid tube which resists slight pressure, but breaks on 
stronger. Adventitia and intima can, as a rule, quite readily be stripped 
off from the completely calcified media ; but such an artery is not dif- 
ficult to diagnosticate even without separation of these tunics, since the 
rigidity and the distinct transverse rings are easily recognizable charr 
acteristics. 
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Amyloid degeneration has great similarity to calcification of the 
media in so far as the process here also is an alteration of the smooth 
muscle-cells with suspension of the function. While the muscle-cells 
become more or less filled with amyloid substance, they swell and acquire 
a colorless, transparent, homogeneous appearance. This aflfection always 
begins in the muscularis of the smallest arteries, and on further progress 
extends to the capillaries. The swelling causes narrowing of the lumen 
and, consequently, ischemia. The latter is probably the cause of the 
atrophy of the parenchyma of the affected organs. 

Inflammation of the arterial walls with new formation of connective 
and elastic tissues, which has received various names — endo - , me so - , 
and peri - arteritis — according to its principal seat in one or other 



Fig. 344. — Endoaortilis chronica deformans gravis with extension to the 
basic portion of the aortic valves. The contiguous parts of the right and 
left aortic valves are markedly altered and shortened, so that aortic incon- 
tinence existed. At small sacculated aortic aneurism.* % natural size. 
(After Langerhans.) 


tunic, is very frequent. In productive or obliterating endoarteritis the 
elements of the intima proliferate; this results in thickening, narrowing, 
eccentric displacement, and, finally, occlusion of the lumen. Proliferation 
of the endothelia, especially of the fixed cells of the intima, is the chief 
change, invasion of cellular elements (leucocytevs) from the external 
coats of the vessel, f.c., from the vasa vasorum, where such exist, beipg 
insignificant. If new vessels enter the cellular proliferated intima from 
the vasa vasorum the intima is converted into true granulation tissue and; 
later into connective tissue. In the smallest arteries obliteration by true 
proliferation of the intima may occur without new formation of vessels. 
Productive endoarteritis occurs in increased pressure within the vessels 
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as well as in diminished or suspended blood-pressure, as is observed 
physiologicly in closure of the unibilic vessels, especially the umbilic 
vein. It frequently is a reaction to an irritant which attacks the vessel 
wall from within (hematogenous), e.g., an embolus or a toxic sub- 
stance, such as luetic poison, alcohol, etc., circulating in the blood, or 
from without, e.g., in trauma, ligature, inflammation. In other cases 
productive endoarteritis involves the beginning of the aorta {endoaortitis 
prodiictiva) as an extension from endocarditis. 



Fig. 345. — Endoarteritis obliterans prolifera. 


Affections of the elastic and muscular middle coat, which, un- 
like calcification an<l amyloid degeneration, are not attended by rigidity, 
but j)erhaps even with diminished tonicity of the coat, lead under pres- 
"^ure of the blood to permanent dilation : e c t a s i s . So long as the 
dilation is slight, it can be compensated by secondary chronic endo- 
arteritis. This compensation, however, is frequently insufficient, and 
ihen arterial ectases or aneurisms and phlebectases 
•^r varices develop. The more altered and atrophied the middle 
vascular coat, the more intense usually is the dilation. 

Compensatory, connective-tissue hyperplasia of the intima and 
adventitia, which is always present and usually causes thickening of 
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the wall, cannot compensate the loss in contractile and elastic material; 
consequently, permanent vascular dilations are usually prc^ressive in 
character. With progressive growth of these ectases the adjacent parts, 
in so far as they are movable, displaceable, or compressible, are dis- 
placed, and, in so far as they are immovable and fixed, are atrophied by 
the pressure, no matter whether they consist of soft or firm material. 
Even the bones, e.g., the vertebrae and sternum, oppose no limitations 
to an aneurism of the aorta, but atrophy under the pressure.^ This 
atrophy is accompanied by inflammation of the neighlx)ring connective 
tissue, the products of which aid in strengthening the adventitia. Ac- 
cordingly, the nature of this vascular dilation is a passive dis- 
tention of the vessels after injury of the media; it is, how- 
ever, associated with irritative and active processes — the connective- 
tissue structures are irritated through the distention and traction 
and proliferate. As a rule, when the dilation has advanced to a certain 
stage, a more rapid growth suddenly occurs. This is due partly to more 
extensive retrograde metamorphosis within the thickened connective- 
tissue wall, partly to diminished resistance of the neighboring struc- 
tures, especially when the ectasis has advanced to the surface (of the 
external skin, serous membranes, surface of the digestive canal or of 
the respiratory tract, etc.) and the wall is no longer strengthened by 
connective-tissue proliferation in the surrounding parts. Then passive 
dilation with thinning of the wall begins, and, ^finally, rupture. 
The significance for the organism differs according to the size and loca- 
tion of the ectasis. The smallest aneurisms thus far observed occur 
in the brain and arachnofd. Rupture of these small aneurisms often 
suffices to produce fatal hemorrhage. 'The largest aneurisms are 
observed in the aorta, where they may attain the size of a child's head. 
They occur most frequently in the arch of the aorfa, and less often in 
the abdominal than in the thoracic aorta. If the beginning of the aorta 
— the aorta ascendans — is aneiirismaticly dilated, incapability of the 
valves to close may thus be produced without alteration of the valves. 
If an aortic aneurism bursts, rupture occurs either externally, after 
perforation of the sternum or several ribs, or internally into the trachea 
or bronchi, esophagus, the pericardium, etc. 

According to the form and distention, the following true ectases 
are differentiated: — 

1. Simple ectasis: general and uniform dilation of a vessel in 
thickness and length; hence, serpentine, tortuous course (vessels of the 
female generative apparatus in pregnancy, varicocele). 


i By sdbsorption in consequence of inflammatory irritation of the perios(>euni. 
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2 . Varicose ectasis: irregular dilation of a whole vessel (namely, 
the arteries of the head, of the varices of the leg, struma varicosa, etc.). 

3. Ampullar ectasis: partial local vascular dilation: (a) spindle- 
shaped,, in which the whole circumference of a vessel is affected; (b) 
sacculated, in which only a part of the circumference of a vessel is in- 
volved (in the arachnoid and brain, the most frequent cause of larger 
hemorrhages). 

In contrast to these true ectases, in which the intima, adventitia, 
and also the media, so long as it is present, are equally involved in the 
dilation, stand the false ectases, which, however, have thus far been 
observed only in arteries: ancurysmata spuria. They originate as a 
result of the blood breaking through the diseased intima and media at 
some point and making a new channel between t^^e media and adven- 
titia: ancurysmata dissccantia. In these, therefore, only the adventitia 
is involved in the dilation. Aneurysma dissecans, or dissecting aneurism, 
is observed in the up|)er portions of the aorta and in the smaller cerebral 
arteries. In the latter the points of rupture in the intima and media 
can scarcely ever be found ; in the aorta tliey are, as a rule, quite small. 
If dissecting aneurism of the aorta exists for a long time, 
the inner surface of the aneurism may acquire an appearance similar 
to the intima of the aorta in endoaortitis deformans. 

P»y aneurysma per anastomosin is understood an anastomosis of 
an artery and a vein as a result of traumatism. The vein becomes the 
seat of an inflammatory thickening of the wall in consequence of the 
sudden increased blood-pressure. 

LYMPH-VESSELS. 

As is known, tlie lymph, like the blood, forms coagula, but in the 
normal state and in the cadaver it coagulates only after contact with air. 
Therefore, whenever fibrin coagula are found in the lymph-vessels they 
always signify pathologic states: lymph thrombosis. The lat- 
ter occurs in connection with inflammations of the lymph-vessels — 
lymphangitis, ly mphangioitis — in infectious states, particu- 
larly in phiegmonous processes. The lymph-vessels are the routes by 
which infectious material (fluids containing bacteria, etc.) is conveyed 
lo the nearest lymph-glands.^ This infectious material is the cause of 
the lymphangitis as well as of the lymph thrombosis. The latter is a 
favorable event in so far as it thus prevents further extension of the 
Infection. Lymphangitis always extends far beyond the limits of the 

} Von Recklinghausen^s view that the lymph-vessels communicate directly with 
the tissue**8pace8 has been questioned by MacCallum {Arch, /. Anat u, Phys., 1902). 
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true (actual) phlegmonous focus: c.g,, in phlegmon of the hand almost 
always to the axillary glands. If the inflamed lymph-vessels are located 
in the skin, they form slightly elevated, bright-red striae. The termina- 
tion of this lymphangitis is either restitutio ad integrum (as a rule, the 
red striae disappear quite rapidly) or suppuration. In the latter case 
the neighboring parts are always involved to a greater or lesser extent. 
Occlusion of the lymph-vessels by thrombosis is usually unattended by 
further disturbance, owing to the numerous collateral channels. Even 
stenosis or occlusion of the thoracic duct is frequently readily regulated 
by anastomoses. General ectasis of the lymph-vessels with hydrops 
chylosis (hydrops + chyle) occurs only when the opening of 
the thoracic duct into the subclavian vein (or jugular) is impervious. 
Considerable lymph engorgement occurs also in mechanic interruption 
of the lymph-stream from compression of the lymph-glands, etc., when 
there is increased exudation from the blood-capillaries {e.g., as the 
result of compression of venous trunks in the extremities). Likewise, 
in chronic droi)sy (the result of heart, liver, and renal affections) per- 
manent ectases (corresponding to the coexistent venous ectases) develop 
under the persistent increased pressure. Tht walls then become relaxed, 
inelastic, and thin, and the lumen is increased. 
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BLOOD. 

Alterations of the Normal Constituents of the Blood. 

The total amount of blood in adults is about Vi.i of the body 
weight. The estimation of the total amount of blood in the living subject 
by means of methods recently advocated for this purpose by Haldam- 
Smilh and others is at j^resent inapplicable for clinic purposes. The 
figures thus obtained vary between and of the body weight. 

The normal constituents of the bl(K)d are the r c d and colorless 
blood - corpuscles (leucocytes), blootl-platelcts, and 
the b 1 o o d - p 1 a s m a . I lence, the blood may be regarded as a tissue 
with a liquid intercellular substance. Unlike other tissues, it does not 
ix)ssess the ability to t)reserve its integrity; indeed, no other tissue is so 
constantly subjected to variations in quantity and in chemic and mor- 
phologic composition. Jn addition to the normal and necessary con- 
stituents, there are transitory admixtures, such, for example, as the 
cliyle, which normally enters the blood during digestion, but docs not 
form a necessary cifiistituent. The necessary constituents arc elaborated 
by the blood-forming organs: lymphoid or adenoid tissue, spleen, and 
l)one-marrow, and are continuously supplied to the blood through the 
lymph-stream. 

The ordinary colorless b 1 o o d - c o r p u s c le s^ ( leucocytes) 
swell slowly in wgter, more quickly in acetic acid. "Idle cell is thus 
rendered translucent, and in the interior several (up to seven) nuclei 
can always be recognized arranged in horseshoe, clover-leaf, and other 
forms. (See Plates XII and XIII.) The nuclei have no nucleoli; the 
cell-body (cytoplasm) is quite homogeneous. These colorless elements 
originate from mononuclear, granular corpuscles, which generally are 
Jiresent onjy in small numbers in the blood. The number of leucocytes 
is from 5(XX) to 10, OCX) pro c.mm.^ Therefore, the ratio of white to red 
blood-corpuscles varies under normal conditions from 1 : 500 to 1 : 1000. 
(See p. 675.) 


1 Form the chjbf constituents of pus, 

2 According to von Jacksch, Rcinecke, Rieclcr, Kast, and Giitig, counts below 
/(XX) are regarded as reduced, 7()(X) to 90(X) as normal, and over 9000 as increased, 
besan^on and l^bbe state the normal as 7(XX). 


( 661 ) 
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According to the size of the leucocytes, which varies between 
3 and 15 and the form and number of their nuclei, four dif- 
ferent varieties are generally differentiated: — 

1. Small, round, mononuclear cells, with a comparatively large nucleus and 
a very narrow, noncontractile peripheral mass of protoplasm (c 3 rtoplasm). These 
corpuscles are always smaller than the red blood-cells, and are called small lympho- 
cytes. (See Plates XII and XIII.) 

2. Large, mononuclear cells with pale cell-body, at least the size of a red blood- 
corpuscle or somewhat larger. The nucleus usually is ovoid or crescent-shaped and 
occasionally shows beginning lobulation. These are designated as large lympho- 
cytes. (See Plates XII and XIII.) 

3. Large mononuclear cells of Ehrlich, which are very similar to, and in 
fresh blood indistinguishable from, the large lymphocytes. These have a large, 
plump, pale, often slightly indented nucleus. 

4. Cells with a somewhat more refractive, finely granular, contractile 
protoplasm and multifornied nuclei. The size of these cells exceeds the diameter 
of the red blood-corpuscles by several micra. They are called polymorpho- 
nuclear leucocytes. If the nucleus is so divided that the individual segments are 
disconnected, the cells are designated as polynuclear leucocytes. These two 
forms constitute the great majority of the white blood-cells, and they may be 
regarded as leucocytes in a strict sense. (See Plates XII and XIII.) 

A small number of cellular forms described under No. 4 are characterized 
by intensely refractive coarse granulation of the cytoplasm. These are the coarsely 
granular leucocytes of Max Schultze, or the eosinophiles of Ehrlich. (See Plates 
Xll and XIII.) 

The following table, from Smaus and Ilerxheimer,^ gives a synopsis 
of the various forms of leucocytes: — * 

1. Indistinctly granular mononuclear elements : — 

(o) ordinary lymphocytes (over 20 per cent, of the colorless blood- 
cells) ; 

(&) large lymphocytes; 

(c) large mononuclear leucocytes; 

(d) so-called transitional forms and * 

2. Granular leucocytes, which, according to their affinity for certain dyes, are 

designated as: — 

(a) polynuclear and polymorphonuclear neutrophilic leucocytes 
(over 70 per cent, of the colorless blood-cells) ; 

(b) polynuclear and polymorphonuclear acidophilic (eosino- 
philic, oxyphilic) leucocytes; 

(c) basophilic leucocytes: mast-cells. 

In addition, there are found in the bone-marrow and under certain pathologic 
conditions also in the blood early stages of (o), namely, mononuclear cells with 
neutrophilic granules: myelocytes, and of (6), namely, mononuclear cells 
with eosinophilic granules. 

The so-called blood-platelets of Bizzozero, or hematoMasts of Hayent, are 
small, colorless, oval or round, discoid plates about one-third as large as red Mood- 


i Grund. d. Path. Anat., 8te Auf., p. 330, 



BLCK)D, 


663 


cells. Their number is variously estimated at from 200,000 to 350,000 pro c.mm. 
There is no uniformity of opinion as regards the origin, nature, and significance of 
these bodies. There is no question, however, that the view that they are hemato- 
blasts must wholly be rejected. Some observers attribute to them an especial r^e 
in the fonnation of thrombi. (See Thrombosis, p. 76.) 

B[ood*du8t, or hemoconia, consists of very minute, highly refractive gran- 
ules, about one-eighth the diameter of a red blood -cell, which manifest no ameboid 
movements, and float freely in the blood-plasma. Their function and nature are 
still undetermined. 

A diminution in the numl)er of white cells in the blood is designated 
as leucopenia (hypoleucocytosis). It frequently precedes a leu- 
cocytosis and is observed also in several infectious diseases, such as 
malaria, measles, typhoid fever, in certain cases of anemia, etc. 

A simple, transitory (sccomlary) increase in the number of color- 
less (polynuclear and polymorphonuclear neutrophilic) blood-corpuscles 
is known as leucocytosis, and is dependent upon irritation of the 
organs concerned in hematosis. It is divided into a physiologic 
and pathologic form. 

1. Physiologic ieucocytosis. After every meal there is swell- 
ing of the mesenteric lymph-glands as a result of the flow through 
them of chyle, and at the same time an increase in the number 
of colorless corpuscles in the blood occurs. This is a digestion 
1 e u CO c y t o s i s , in which the numl)er of leucocytes usually does not 
exceed from 12,000 to 13,000 pro c.mm. It usually reaches its height 
in abt)Ut two to tlfree hours after ingestion of food. In like manner a 
progressive increase in the number of colorless blood-corpuscles within 
physiologic limits takes place during pregnancy, through swelling of the 
lymph-glands of the inguinal and lumbar regions in consequence of in- 
creased metabolism in the uterus and the accompanying dilation of the 
uterine lymph- ve^ssels : pregnancy 1 e u c o c y t o s i s . So-callcd 
puerperal leucocytosis is due to absorption of disintegration 
products from the uterus, [)erhaps also the loss of blood during labor. 
Leucocytosis occurs also after cold baths and exertkm. 

Variations in the normal leucocyte count are very rapid and evanescent, while 
others develop slower and arc more lasting. Alterations in the number of leuco- 
cytes probal)ly are due to one of three causes : (a) new formation or destruction 
of leucocytes; (b) alterations in the concentration of the blood, which play only 
a subordinate part; (c) varying distribution of the leucocytes in the different vas- 
cular areas, to which the chief importance is to be attributed. Some of the 
physiologic variations can scarcely be dut to new formation or destruction, since 
they occur with too great rapidity. The leucocytosis of digestion has been regarded 
as a true leucocytosis, i.e., as due to the development of fresh corpuscles; but there 
is no convincing argument in favor of this view. The leucocytosis of childbirth, 
which increases markedly after the onset of the pains, diminishes after birth of tfee 
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fetus, and again increases during the after-pains, is assumed to be due to the 
associated muscular contraction. During muscular work the leucocytes may 
increase from 35 to SO per cent. Variations in the leucocyte count occur also on 
sudden change from the erect to the recumbent position and vice versa: static 
leucocyte reaction. The explanation offered of these changes is that, 
owing to the increased force of the heart’s action and the greater velocity of the 
blood-stream produced, the leucocytes are forced from their peripheral position iit 
the deeper vessels and hence reach the superficial capillaries in greater numbers. 
Physic influences also probably modify the leucocyte count through action upon 
the heart. Experiments upon rabbits show that injection of strophanthin causes 
increase in the leucocyte count. 

Eosinophilic leucocytosis occurs after injection of diphtheria anti- 
toxin and tuberculin; in various skin diseases (pemphigus, eczema, 
prurigo, psoriasis, etc.); in helminthiasis (ankylostoma, oxyuris, ascaris, 
etc.) ; in nervous colitis, pellagra, tetany, epilepsy, hemicrania, eclampsia; 
after ingestion of drugs: potassium iodide, antipyrin; in Dasedow’s dis- 
ease, trichinosis (may reach as high as 60 per cent.). It is observed also 
in asthma, hay fever, and occasionally after splenectomy and in malig- 
nant growths. In worms the condition is said to be due to chemotactic 
attraction of the cells from the bone-marrow into the blood. ^ Ehrlich 
places the origin of the eosinophiles in the bone-marrow. 

2. Pathologic (inflammatory) leucocjrtosis is one of the most 
frequent phenomena. It is the constant attendant of all affections 
associated with irritation of the lymphoid tissues or hone-marrow, and 
occurs especially in pneumonia and other infectioir^ diseases, bacterial 
intoxication, and in suppurative conditions. The leucocytosis observed 
in chronic cachectic disturbances, such as occur after severe losses 
of blood, especially repeated small hemorrliages, in carcinoma, etc., is 
called cachectic leucocytosis. An agonal or terminal 
leucocytosis is observed shortly before death. 

I 

The cause of terminal leucocytosis (leucocytosis of the moribund) is not clear. 
Possibly the fall in blood-pressure, perhaps also the action of certain toxic products, 
play a role in its production. At all events, its occurrence is unquestionable, and to 
this source also may be attributed the increase in the number of leucocytes noticed 
toward the end of life in many cases of pernicious anemia, in which leucopenia 
usually exists. 

The degree of leucocytosis in suppurative processes varies between 
20,000 to 70,000 and over, as shown by the following tabulation by 
Lenhartz : — 

1 According to Moschcowitz (New York Medical Journal, cxiii, No. 1, p. 18), 
eosjnophilia appears to be in some way related to anaphylaxis: “The invasion of 
eosinophiles in increased numbers into the organism is the expression of an active 
agent or the agent itself in the production of anaphylaxis/^ (See p. 322 et seq,) 
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Tonsillar abscess up to 26,000. 

Empyema ‘‘ 30,500-35,700. 

Subphrcnic abscess “ 42,900-46,000 (twice 

only 12,000-15,000!). 

Hepatic “ “ 24,400 or over. 

Parametritic ‘‘ 28, (XX) or over. 

Puerperal thrombophlebitis “ 70,000 or over. 

InOaniniatory leiicocytosis is observed also in acute infectious dis- 
eases in wdiich suppuration does not occur, c,(j„ croupous pneumonia. 
Here an increase is observed even several hours after the chill, which 
attains a height of frotn 20,000 to 30,000, indeed often 60,000 pro c.mm., 
then sometimes declines, but always remains consideraldy above normal 
until the crisis, immediately after which, or several days later, it usually 
falls to normal. In cases terminating fatally, the increase is sometimes 
not so marked. Lenhartz, however, mentions a fatal case of lobar pneu- 
monia with a leucocytusis of 72,000! Reappearance of leucocytosis 
accompanied by mild elevations of temperature is often the first sign of 
beginning empyema. 

There is also considerable leucocytosis (22,000 to 41,000) in acute 
nephritis. Furtliermorc, epidemic cerebrospinal meningitis is always 
accompanied by leucocytosis (25, OCX) to 60,000), and more or less marked 
leucocytosis is ])resent also in sejisis, puerperal fever, erysipelas, acute 
articular rheumatism, diplitlieria, recurrent fever, osteomyelitis, and, 
according to many authorities, also after injection of tuberculin. 

Uncomplicated* tuberculosis, malaria, typhoid fever, and measles are 
unattended by leucocytosis. Leucocyte counts of from 12,000 to 15,000 
in typhoid are always due to complications: purulent bronchitis, otitis, 
pneumonitis, etc. Tropic malaria (4300 to 7600), tuberculous pleuritis 
and meningitis, and general miliary tuberculosis, and, according to Len- 
hartz, also chronif; lymphomatosis, progress without any indication of 
leucocytosis. In tuberculous meningitis a rise of the leucocytes to 20,000 
was observed by Lenhartz in only one instance. The statements in con- 
nection with scarlatina are contradictory, von Limbeck and Pick claiming 
never to have seen leucocytosis, while Riedel found it to be almost con- 
stant. According to Roger, scarlatina is attended by a leucocytosis which 
persists long after defervescence. The polymorphonuclears arc slightly 
decreased at the beginning, becoming more numerous as the disease pro- 
gresses. Kotschetkoff states that a leucocyte count of from 10,000 to 
20, (XX) is found in mild cases, 20,000 to 30,000 in cases of moderate sever- 
ity, and above 30,(X)0 in grave cases. The ix>lymorphonuclears constitute 
85 to 98 per cent, of the total number. In average cases of moderate 
J^everity the eosinophiles progressively increase up to the second or third 
week (maximum 8 to 16 per cent.), and then gradually return to normal. 
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As regards the ratio of the different varieties of leucocytos ih inffam^ 
matory leucocytosis, it is now well established that the presence of more 
than 80 per cent, of polymorphonuclears is indicative of purulent or 
inflammatory processes (peritonitis, pneumonitis, meningitis, abscess, 
etc.), and the reliability of this indication is enhanced with the rise in 
percentage. While no definite parallelism between the degree of leuco- 
cytosis and the local and general phenomena has thus far been estab- 
lished, theH appears to be a certain relation between the degree of leu- 
cocytosis and the resistance of the organism to infection: the more 
marked the leucocytosis and the earlier it appears, the greater, as a rule, 
is the resistance. It should be borne in mind, however, that, on the one 
band, in individuals with good resistance, slight infection may be un- 
attended by leucocytosis, and, on the other hand, in persons with low 
resistance, even slight infection may be accomj)anied by more or less 
marked leucocytosis. The severity of the infection, it would seem, is, 
in a measure, indicated by the percentage of polymorphonuclears, since 
in cases in w'hich the ratio count is high (W per cent, or over) and 
leucocytosis low or absent the prognosis is grave. 

The fact that the termination of those diseases in which inflamma- 
tory leucocytosis occurs at all is favorable when the leucocytes are 
considerably increased, and unfavorable when they arc diminished, sug- 
gests that this process is a salutary one. A satisfactory explanation of 
acute inflammatory leucocytosis, however, is still lacking. 

The function of the leucocytes is by no means fully understood. It is known, 
however, that they manifest numerous fermentative actions (fibrin ferment, pro- 
teolysis, oxidase, reduction) ; that they serve as recipients and carriers, and prob- 
ably also as assimilative organs for numerous substances, such as fat, iron, 
glycogen, etc. 

According to Grawitz,! the total number of leucocytes in the circulating blood, 
if collected in one place, would make an organ the size of tke thyroid gland. In 
irritative states of the most varied kind this figurative organ possesses the ability 
to ddhble or treble its cellular constituents within a very short time and thus to 
assume new functions which are generally regarded as protective or defensive. 
The question whence this great number of new cells is derived is naturally of the 
greatest importance in the conception of the phenomenon of leucocytosis. While 
under physiologic conditions there is a constant influx of lymphoid cells from the 
lymphatic apparatus through the lymphatic duct into the large venous, trunks and 
an entrance of myeloid cells from the bone-marrow, in irritations of various types, 
especially inflammatory processes, other sources of leucopoiesis afe active. Although 
there is a wide diversity of views among recent investigators in regard* to the 
genesis of the leucocytes, there is , considerable uniformity of opinion that in 
inflammatory leucocytosis lymphatic as well as granulocytic proliferation pccurs in 
almost sdl organs, from wlucli it is assumed that it is not a question simply ol out- 

1 Deutsch. med. Woch,, No. 15, 1911, p, 677* 
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^^derif^ (chemotactic attraction) and local accumulation of blood-leucocytes, but 
a reviviscente of die renmants of the mesenchyme tissue distributed throughout the 
wdiole organism. Thb reversion is designated as lymphoid or myeloid 
fitetaplasia of the tissues. Inflammatory leucocytosis, therefore, is due not 
only to increased ubiquitous leucopoiesis, but to entrance into the blood of t:elis 
formed at the focus of inflammation. 

Inflammatory leucocytosis is a biologic reaction and an accompaniment of the 
numerous reactive processes established in the organism in opposition So the 
entrance of pathogenic agents and their toxins. It makes little difference whether 
this phenomenon is intimately connected with phagocytosis, which is most probable, 
or with the formation of antibodies or stimulins. It occurs in every case of in- 
flammatton with the regularity of a natural law. As the immediate result of an 
infection the leucocytes circulating in the blood, and those in reserve which have 
not yet entered the circulation, are called upon. 

The question whether inflammatory leucocytosis deserves the attention' given 
to it is variously interpreted. According to Sonncnburg.i who has devoted a 
number of years to a study of this subject in connection with numerous 
surgical conditions, inflammatory leucocytosis has eminent diagnostic 
and prognostic significance and, therefore, a practical value. According to him, 
leucocytosis explains the degree and virulence of the infection and the toxicity of 
an inflammation, and in its further course reveals their increase and decrease. It 
also is an index of the degree of resistance. As regards prognosis, it may be said 
in general that high leucocyte counts indicate a favorable, low, subnormal, and 
extremely high counts an unfavorable, termination. Occurrence of new foci and 
suppurations is revealed earliest by reincrease of the number of leucocytes, and 
frequently these can be discovered in this way, even when the pulse and tem- 
perature are unaltered. Leucocytosis often manifests individual variations inde- 
pendently of age and sex, in this respect acting similar to the temperature. In 
many patients fever in infectious diseases runs higher or lower than in others; 
likewise, in infections many patients react more cncrgeticly than others by more 
marked increase of the number of leucoc)rtes. The individual variations, however, 
lessen the value of the initial leucocytosis just as little as they lessen the value 
of the temperature. 

It must be boroe in mind, however, that leucocyte counts can be 
correctly interpreted only by comparison with the symptoms. 

The significance of leucocytosis in infectious inflammatory diseases observed 
in internal medicine is much more difficult to interpret than is the case 
in surgical inflammations. While in the group of infectious diseases the behavior 
of the leucocytes is variable, it may, according to Grawitz,-' be stated as a general 
rule that a pronounced leucocytosis is present whenever hemolyzing toxins are 
active, while inflammatory infiltrates do not, without further changes, produce 
leucocytosis. Therefore, all septic infections, that is, such as are produced by the 
varicnis pyogenic agents, progress with high leucocytosis, even when local inflam- 
mations are by no means extensive. On the other hand, in typhoid, in spite of 
extensive ii^ammatory infiltration of the intestinal and mesenteric glands and of 
the spleen, not only no leucocytosis, but rather a diminution of the number of die 
leucocytis-^leucopenia — is present While various moments play ^ a role here, it is 
worthy of note that in septic affections the severest hemolytic effects are exerted 
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Upon the red blood-corpuscle's, which, in puerperal sepsis for example^ often result 
in a few days in a redudPlon of the erythrocytes to a fourth of their number and 
lower; while in uncomplicated typhoid a slight diminution of these cells in conse- 
quence of the protracted fever and undernutrition is observed, but never actusd 
deleterious effects. This finds expression in the rapid convalescence of typhoid 
patients, as compared with those chronic severe injuries of the organism, espe- 
cially of the blood-mixture, after recovery from sepsis. 

Arneth Theory. — Arneth refers leucocytosis not to pure chemotactic proc- 
esses, but to organic activity, principally to a biologic reaction of the bone-marrow. 
He was able to demonstrate, in addition to new formation of leucocytes, a greater 
consumption of leucocytes in infections. Having demonstrated that the numeric ratio 



of the neutrophilic cells is constant in health and changes in infections in a quite 
definite manner, Arneth grouped the neutrophiles according to> the character of the 
nucleus and assigned especial pathologic and diagnostic significance to blood-pictures 
in which the mononucicated cells preponderate over those with multilobulated 
nuclei. According to Arneth, the cells developmentally most advanced — ^the mul- 
tinucleated leucocytes — decrease in favor of the younger, mononucicated forms and 
finally disappear in high grades of infection, the neutrophilic blood-picture under- 
going a so-called displacement to the left. (See Fig. 346, Group I.) 

Arneth and others assume that increased destruction of multilobulated, old 
cells and preponderance of the young, mononucicated forms is to be interpreted 
as an unfavorable prognostic sign. The more violent the conflict between the 
invading infectious agents and the leucocytes, the greater the number of leucocytes 
destroyed and the greater, of course, the change in Arneth’s blood-picture. In the 
conflict of the organism against the infection, the entrenched forces advance first 
against the invaders, assembling, according to the virulence of the infection, all 
available forces; finally, when these no longer suffice, the reserves — ^the young, 
mononucleated cells — advance. The greater the number of reserves that appear, 
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the more unfavorable the combat for the organism. A yerdict of the virulence of 
the infection and an understanding of inflammatory leucocytosis are thus obtained. 
For example, in severe septic peritonitis the low leucocyte counts are due to 
enormously augmented destruction of leucocytes which the bone-marrow, in spite 
of active proliferation, is unable to copipensate. 

Sonnenburg distinguishes a hypo-, normo-, and hyper- leucocytosis, and 
designates the normal as “ i s o , ^ * and displacement toward the left as “ a n i s o . " 
Increase of the number of leucocytes without essential alteration of the percentage 
ratio of the individual categories is called “isohyperleucooytosis'' ; 
if, owing to the virulence of the infection, the percentage ratio of the cells dimin- 
ishes, that of the younger elements of the blood-picture increasing, but the number of 
leucocytes constantly remaining high, the state is called “anisohyperlcuco- 
cytosis.'" If, however, the reserves are insuflicient to combat the infection, a 
diminution of the leucocytes occurs, which is called “anisohypoleucocy- 
t o s i s . ’ * 

Kotho, of Sonnenburg’s clinic, has simplified the Arncth method by taking the 
percentage of the mononuclear neutrophiles as an expression of the alteration of 
the blood-picture. He counts only the mononuclears, ignoring the difference be- 
tween the myelocytes and cells with slightly or deeply indented nucleus. For esti- 
mation of the change of the neutrophilic blood-picturc the numeric ratio of the 
cells ill the first class — that is, the mononuclears — is employed exclusively. Accord- 
ing to Sonnenburg, this simplification of the method has proved to be practical. 

KohF divides the displacement of the blood-picture to the left into different 
degrees. He designates 11 to 25 per cent, as aniso of the first, 25 to 45 per cent, as 
aniso of the second, 45 to 60 per cent, as aniso of the third, degree, and over 60 
per cent, as aniso of the fourth degree. 

Arnetli’s method has not found general recognition, and also has met much 
opposition ; but Sonuciiburg^ regards it as clinicly reliable and of practical value. 
The fact that the infection causes an alteration of the blood-picture cannot be 
denied, and it is practically unimportant whether the individual cell groups are 
placed in this or that category. The main point is to correctly interpret and apply 
the constantly occurring alterations. 

Grawitz^* combats Arneth’s theory on the ground that the idea of the origin of 
all these cells from the bone-marrow is untenable today, and that the single form 
of the nucleus by no means indicates a younger age of the cells in so far as they 
are encountered in the circulating blood. It is unproven that these forms or the 
large mononuclear and transitional forms observed in the blood develop into ripe 
neutrophiles with lobulated nuclei; it is more conceivable that these developmental 
forms of leucocytes have certain functions to perform and do not pass beyond this 
stage of development. Of two cells of equal age, one may very rapidly ripen into 
a polynuclear neutrophile, the other remain in the stage of transition; hence, it 
would be incorrect to regard as younger the one that had not reached the final 
stage of development. If, therefore, many neutrophiles with single nucleus are 
continuously found in a given infection, it can be said only that in this disease many 
leucocytes in this stage of development aire active ; whether these differ in age it is 
impossible to state. 

In the extreme multiplicity of the physiologic functions of the leucocytes and 

iMitteiL a. d. Grenzgb. d. inn. Med. u. Chir., 1911, Bd, 22, H. 4, p. S42. 

? Loc, cit., p. 674. 

8 Loc, cit, p. 678. 
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the manifold tasks whudi fall to them in the various iniiaimnatory aifectiofts, it is 
comprehensible that the morphologic character of the leucocytes must vary in m-* 
dividual cases. It must be assumed that all blood-leucocytes, whether small or 
large lymphocytes, large mononuclear, transitional forms, neutrophiles or eosino* 
philes, exert certain functions. In the group of neutrophiles especially, so many 
di^erencts, aside from the structure of the nucleus, can be seen in the number and 
arrangement of the granula and in their affinity for the various dyes that it seems 
only rational to accept the differences as an expression not only of age and develop- 
mental stadia, but also of different functions. 

In order to obtain an insight into the nature of inflammatory leu- 
cocytosis experimentation has t>een resorted to. V'^on Limbeck saw 
intense leucocytosis after injection of cultures of bacteria, esi)ecially 
those of staphylococcus; Linz and Meyer mention the occurrence of 
considerable increase in the leucocytes after the administration of 
ethereal oils; Pohl, after spices, etc. The observations of Buchner and 
others render it probable that it is not the toxic (decomposition) 
products of the bacteria, but chiefly or exclusively their proteins 
(albumin substances'), which produce so-called positive che mo- 
taxis — ^that is, an attraction of the leucocytes. The fact that nucleated 
red blood-cells and a considerable leucocytosis are observed after ex- 
tirpation of the spleen, as well as in the above experiments, speaks some- 
what in favor of an irritative action exerted upon the ‘^blood-forming’’ 
organs. Be this as it may, the increase of leucocytes in the blood could 
be produced also by the entrance of wandering cells or as the result of 
rapid cell division within the blood-channels. (Lowit.)® The first hypoth- 
esis would be entirely contrary to Ehrlich’s theory, since, according to 
him, only mononucleated cells are supplied to the bUx)d; nevertheless, 
the great majority of the colorless cells found in acute leucocyto5ds are 
unquestionably of the polymorphonuclear variety. However, it is known 
that transformation of mononuclear into polymorphonuclear cells takes 
place quite rapidly. 

In contrast to leucocytosis, leukemia, or leucocyth^nia, which 
is due to alterations in the blood-forming organs, is, in a measure, a 
progressive leucocytosis, a persistent increase in the number of 
colorless elements with coincident progressive diminution in the amount 
of hemoglobin (oligochromemia) and the number of red blood-corjiuscles 
(oligocythemia), so that, finally, red and colorless blood-corpuscles may 
be present in nearly equal numters, the white elements occasionally ex- 
ceeding the erythrocytes. The decrease in the number of red corpuscles 
is probably due to cessation of production, no more erythrocytes being 
transformed into red cells. The increase in the number of colorless cells 
in the blood in leukemia is in direct proportion to the hyperplasia of the 
elements of the bone-marrow and lymphoid tissues. 
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The red blood-celts are paler Uian usual, and not rarely of variable size. 
Kood-plaies are usually more numerous than normal. According to numerous 
authorities, a little practice will suffice to diagnosticate, by careful examination 
of the fresh blood alone, the particular form of leukemia according as participation 
of the spleen, bone-marrow, or lymphatic glandular system preponderates. If those 
colorless corpuscles, which are about as large as a normal erythrocyte, are chiefly 
increased, it may safely be concluded that the glandular system is principally in- 
volved : “lymphatic form*’; on the other hand, if the large cells appear 
in the majority, participation of the bone-marrow and spleen must be thought of: 
‘‘myelogenous’* and ‘‘splenic” forms , and the spleen should be sus- 
pected when there appear in every field of the microscope a large number (from 
3 to S and more) of cells filled with strongly refractive, spheroid granules, while 
involvement of the bone-marrow is rendered probable especially by the presence of 
large mo n enucleated leucocytes. 

A rare manifestation in leukemic blood is the presence of isolated Charcot- 
Leyden crystals. This phenomenon has no diagnostic significance, for, as a 
rule, they are found in decomposed leukemic blood, though they may appear in 
the absence of such a change. 

Formerly, three varieties of leukemia were differentiated: lym- 
phatic, splenic ( Virchow ) , and medullary or myeloge- 
nous. (See Plates XU and XIII.) Following the classification of 
Ehrlich, who claims there is no form of leukemia characterized by 
specific splenic elements, there is now a tendency to admit only a lymphatic 
and a myelogenous form, and to eliminate the .so-called splenic form of 
Virchow. The first is referred to lymphatic and the second to myeloid 
tissue alterations. . 

In the lymphoid, or lymphatic, form (lymphemia), two 
varieties of which arc distinguished, namely, acute and chronic, the 
lymphc^ytes, wliich are derived from the lymph-glands and the lymphoid 
portions of the spleen, bone-marrow, and mucous membranes, arc the 
predominant wliite elements, and may finally displace all other types. In 
the acute form large lymphocytes predominate, and in the chronic form 
the small lymjdiocytes. (See Plates XII and XIII.) Hyperplastic pro- 
liferation is observed in the lymphoid structures in4>oth forms, but is 
most marked in the chronic type. 

In the myeloid, myelogenous, or mixed form of leukemia 
(myclemia) there occur, aside from polymorpho- and poly- nuclear 
leucocytes, early stages of the polymorphonuclear leucocytes (granular 
mononuclear leucocytes, myelocytes), derived from the bone-marrow; 
also numerous eosinophiles, basophiles (mast-cells), ami atypic forms; 
likewise mitoses, nucleated red cells, cells inclosing red corpuseks, mi- 
crocytes, and disintegration products of blood-cells. While here the 
bone-marrow may be regarded as the chief seat of formation of the 
myelocytes, it is assumed, on the basis of the investigations of Dominid, 
Frese, and others, that the spleen, which is always and usually enor- 
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mously enlarged, and the lymph-glands (which, however, frequently are 
not involved or enlarged) also .elaborate these cells, either an autoch- 
thonous myeloid transformation (metaplasia) occurring, or myeloid 
tissue is metastaticly deposited in these parts. (Kaufmann.) 

Owing to the increase of the colorless elements and the coincident 
arrest in the formation of red corpuscles, tlie blood gradually acquires 
a characteristic reddish-white, reddish-yellow-white color,i and is cloudy 
as though mixed with pus or fat. The cadaveric coagula (in the heart 
and larger vessels) are whitish, light yellow, or yellowish green in color, 
much softer than normal, and consist chiefly of leucocytes. The spleen 
is always enlarged, sometimes enormoitsly. In almost every case the 
bone-marrow of the long bones is involved. Sometimes it alone is 
altered: myelogenous or medullary form. In such instances the bone- 
marrow has a decidedly pale-red, almost milk-white-red appearance, 
consists principally of myeloid cells, and always contains numerous 
nucleated red blood-corpuscles. So-called Charcot-Leyden (-Neumann) 
crystals (Plate XI\^) (slender, elongated octahedra), which are observed 
also in the sputum in various pulmonary diseases (asthma crystals), oc- 
casionally are found in the blood, bone-marrow, and spleen. These are 
usually, if not always, the result of decomposition. The lymphoid struc- 
tures throughout the body (chiefly in the chronic form) are more or less 
involved (lymphoid swelling or leukemic 1 y m p h o m a). 
Circumscribed or more or less diffuse accumulations of the same kind of 
cells as are increased in the blood are very frequently found in the differ- 
ent organs, particularly in the liver, kidneys, and retina (leukemic 
infiltration). This is a kind of metastasis, as the result of which 
the liver and kidneys are sometimes not inconsiderably enlarged. 

The disease usually terminates fatally within from one to two years, 
some cases, as stated above, being very acute and en%hng within a few 
weeks. The majority of cases occur in males between the 30th and 
40th year. Among the causes chronic infectious diseases, such as syph- 
ilis and malaria, and chronic enteritis, alcohol, and trauma have been 
mentioned. Ehrlich regards a specific toxic action as the etiologic factor. 
Some authorities hold the Bacillus tuberculosis responsible for the 
process. 

The causes of the alterations in the blood in leukemia have thus far not been 
explained. The question whethe/ the process is an independent disease of the 
blood, with retarded disintegration of the more resistant leucocytes (Lowit), or 
whether the blood-forming organs themselves have become permeable and are no 
longer capable of preventing the premature escape of unripe corpuscular elements 
(Virchow), is still unsolved. Perhaps both views are correct, and the process is 

^ Hence the name Xewirov = white, and alfia = blood. 



BLOOD. 


673 


one in which there is hyperplasia and abnormal permeability of the blood-forming 
organs as well as a diminished destruction of leucocytes in the circulating blood. 
It is certain, however, that a very active formation of cells by division can be 
observed in those localities in which blood formation occurs (BizzOzero) — a fact 
which militates against Lowit’s theory. Likewise, in almost every case of leukemia 
there is to be found a more or less advanced hyperplasia of the three blood-forming 
organs: the spleen, the lymphatic glands, and the bone-marrow. The latter is 
greatly altered, particularly in the long tubular bones and sternum, but also in the 
ribs and vertebrae. According to Neumann, the marrow appears either pus-like 
(pale greenish) or of a more homogeneous raspberry-red color and of pyoid or 
lymphadenoid form. As a rule, the varieties of leukemia observed are mixed types 
in which all blood-forming organs present alterations, the intensity of the pathologic 
process varying in different localities, one place showing less advanced, another 
intensely progressive, changes. The question as to which organ is most affected 
can generally be decided by the blood-fuidings. 

The case of Leuhe and Fleischer, which at necropsy showed lymphadenoid 
changes in the bone-marrow, but no alterations in the spleen and glands, is usually 
cited in support of Ldwit’s theory. This observation, however, by no means offers 
a firm basis for his theory, for it does not explain why in this case a deposition 
of the leucocytes accumulated in the blood did not occur in the spleen and glands — 
a phenomenon which, according to Luwit, always occurs secondarily in leukemia. 
That medullary alterations may be entirely absent, even in leukemia of intense 
degree, has been demonstrated by Fleischer and Pcnzoldt (Lenhartz-Brooks). 

Leukanemia (Leuhe) is a condition in which the blood changes 
of perniciotbs anemia and leukemia are combined. As mi.xed forms of 
leukemia arc not infrequent, there .seems to be no necessity for this 
name. 

In so-called anaemia pseudoleukaemica infantum (von Jaksch’s ane- 
mia), a chronic anemia of children, apparently due to a number of 
<liscases productive of anemia, the development of myelogenous ti.ssue 
ill the liver, spleen, j)ancreas, kidneys, lymph-glands, etc., is frequently 
very decided. The number of red corpuscles is very markedly dimin- 
ished (1,000,000 and even less), and the leucocytes, especially the poly- 
inorphonuclears, iiicreaseil (20,000 to 100.000). Numerous normoblasts 
and, occasionally, mcgaloblasts also are present. 

In the majority of cases anaemia splenica infantum is secondary 
principally to gastroenteritis combined with disturbances of nutrition. 
There are primary cases, however, in which antecedent causes are not 
<lcmonstrable and, consequently, the etiology is obscure. The age of the 
rliildren affected varies between 6 months and 2 years. The charac- 
teristic features are: great pallor, olive-green discoloration of the face, 
tumefaction of the spleen without enlargement of the liver, and periph- 
vraL lymphatic glands. The blood findings are: oligocythemia, oligo- 
vhromemia, poikilocytosis, ani.socytosis, lymphocytosis, presence of mye- 
l‘*cytes and erythroblasts. The prognosis is grave.. 

4S 
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Pseudoleuketnia, lymphomatosis, Hodgkin*# disease. The dinic 
alterations observed in this affection not infrequently present a striking 
resemblance to genuine leukemia. Although there is often marked hyper- 
plasia of numerous noncaseated lymph-glands, and not rarely considerable 
enlargement of the spleen and tenderness of the bones, examination of 
the blood shows, especially in the beginning, either no deviation from the 
normal or, later, a reduction of the erythrocytes to from 1,500,000 to 
2,000,000, according to the degree of anemia, with only a slight increase 
of the leucocytes. There may be leucopenia of from 3000 to 3500. The 
hemoglobin is decreased in proportion to the diminution of the red blood- 
cells. The changes correspond, therefore, with the signs present in sec- 
ondary anemia. 

Pseudoleukemia is from two to three times more frequent in males 
than in females, and may appear at any age. The assertion of many 
authorities that it may develop into true leukemia has not been confirmed. 
Sternberg’s view that Hodgkin’s disease is tuberculous in nature has re- 
cently received support by the investigations of Fraenkel an<i Much. It 
is, therefore, possible that a modified form of the ordinary tubercle bacil- 
lus, or else an antiformin-fast micro-organism related to the tubercle 
bacillus, may be the causative agent. 

The mature red blood-corpuscles^ are feeble, unstable constit- 
uents, and must constantly be replaced by new elements which originate 
in the bone-marrow by gradual metamorphosis of erythroblasts. In fetal 
life the red blood-cells are formed also in the spfeen and liver. The 
primary red blood-corpuscles are derived directly from the embryonal 
formative cells of the ovum ; they possess nuclei, and during the early 
months are capable of multiplication by division. Later, the nuclei 
disappear; they subsequently reappear only under pathologic conditions 
(in pernicious anemia, leukemia, after profound hemprrhage, etc.). The 

1 Virchow's statement : "Die Geschichte der rothen Blutkdrper ist immer noch 
mit einem geheimnissvollen Dunkcl umgeben** (the history of the red blood-cor 
puscles is still enshrouded in mysterious obscurity), is, unfortunately, still true today. 
The view that the red and colorless blood-cells arc from the beginning two separat< 
cell-groups is the most worthy of consideration. According*^ to the older view, 
which has recently been defended by H. MiiUer, the red and colorless blood-cell'^ 
originate from a single variety of colorless cells, which develop into leucocytts 
as well as crythroc)d:es — in the latter instance by the reception of hemoglobin. On 
the other hand, Denys and Ldwit assume the existence of two different kinds of 
colorless elementary cells (leuco- and crythro- blasts) and differ in their 
only as to the locality in which the transformation of the colorless into colors 1 
corpuscles occurs. According to Denys, who attributes karyomitosis (indirett 
nuclear division) to both types, the transformation takes place only in the bon» - 
marrow; according to Lowit, only in the circulating blood. H ay em, ^however, con 
aiders the hematoblasts (blood-plates) as the sole antecedents of the red blooil- 
cqipuscles, while Neumann and Bizzozero reject all these views and assert that the 
red blood-corpuscles originate entirely through mitosis of young, nucleated l 
cells within the bone-marrow. 
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cell-body of both Uie nucleated and nonnucleated red blood-corpuscles has 
a distinctly yellow color, due to the presence of hemoglobin, llie normal 
number of red blood-corpuscles in adults is about 5,000,000 pro c.mm., 
the number in females being somewhat less than in males. 

After severe hemorrhage and in diseases attended by injurious 
effects upon the blood, three different sizes of red blood-cells are 
often seen, namely, ordinary sized (normocytes), abnormally large 
(megalocy tes), and abnormally small corpuscles (microcytes). 
Not infrequently the form also is altered: anvil-, dumb-bell-, pear-, and 
crescent- shaped forms are observed (poikilocytes). Marked 
variation in the size of the red blood-cells is designated as aniso- 
cytosis. In some blood affections regeneration forms (nucleated 
cells: erythroblasts) are seen. Nucleated red blood-cells the size 
of a normal red blood-corjiniscle are called normoblasts; those 
several times as large as a normal red cell are known as megalo- 
blasts; the latter are indicative of defective blood formation in the 
bone-marrow. Numerous red blood-corpuscles may acutely be with- 
drawn from the circulation, as in severe losses of blood {c.g., in typhoid 
and other hemorrhage), or large numbers of cells may be destroyed in 
the circulation, as in malaria and the so-called blood poisons. In certain 
diseases, such as malignant tumors, syphilis, hemorrhagic diathesis, lead 
and mercury jxiisoning, etc., and in so-called primary or essential blood 
diseases (leukemia, pernicious anemia, chlorosis), oligocythemia may 
chronicly be established. 

In intermittent (malarial) fever (see p. 410) the red blood-corpus- 
cles are directly destroyed by the action of the lUcmamochtje malariw 
( Oassi) and the hemoglobin transformed into small, brown and blackish- 
hrown, aferrous pigment (hemozoin) granules. This produces the 
condition known melaneniia. Immediately after a paroxysm 
these pigment-granules swim freely in the blood-plasma; they are later 
taken up by the colorless corpuscles and epithelial elements, and finally 
are deposited in the spleen and partly also in the lyuiph-glands, liver, 
and bone-marrow, or, when large amounts of melanin are present, they 
are excreted with the urine : m e 1 a n u r i a . 

Hemoglobinemia is due to the passage of hemoglobin from the red 
blood-corpuscles into the bloo<l-plasma, in which it is held in solution, 
it is observed in certain poisonings (by bismuth subnitrate, sulphonal, 
phenacetin, antifibrin, antipyrin, naphtliol, arseniureted hydrogen, glycerin, 
‘ arbolic acid, toluylendiamin, pyrogallous acid, sulphuric acid, phallin, 
belvellic acid, etc.), in septic processes (bacterial toxins), in acute and 
chronic infectious diseases, such as typhoid, scarlatina, syphilis, malaria 
< not always), after the action of cold, in burns, and also after transfusion 
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of animal (heterologous) and occasionally of human (homologous) 
blood. (See p. 321.) The serum is clear and ruby-red, instead of 
yellow, as in the normal state. If the spleen, liver, and bone-marrow 
are unable to transform the liberated hemoglobin conveyed to them by 
the circulation, the hemoglobin occurs unaltered first in the bile (hemo- 
globinochol ia), and then in the urine (hemoglobinuria). 

According to R. Koch and Kleine, the black-water fever of 

the tropics is a hemoglobinuria caused by the use of quinine.^ In 
marked cases of hemoglobinemia icterus may occur. The escape of 
hemoglobin from the red blood-corpuscles is called hemolysis (see 
pp. 26 and 320), which frequently is preceded by agglutination or cohe- 
sion of the red blood-corpuscles. The corpuscles deprived of their hemo- 
globin are usually still recognizable for a short time as colorless, scarcely 
visible disks ( so-called Ponfick’s shadows). 

The affection occurs also spontaneously as the so-called ‘‘paroxys- 
mal” or intermittent form. 

Especially predisposed persons are attacked by the disease after violent mus- 
cular exertion or on sudden exposure to cold. It begins with chill and great pros- 
tration, and rapidly produces apparently grave constitutional disturbances and pro- 
nounced hemoglobinuria. In the majority of instances it rapidly terminates in 
recovery, until, after a time, a new paroxysm is produced by similar causes. In 
persons suffering from “paroxysmal” hemoglobinuria, a purely local alteration of 
the blood can be produced. If the finger of such an individual is constricted and 
immersed for fifteen minutes in iced and then lukewarm water, the serum after 
separation will show the ruby-red shade even in a thin capillary tube (Ehrlich). 

The cause of the liberation of the hemoglobin is, according to Donath and 
Landsteiner, a complex autohemolysin, which, on cooling and subsequent heating 
of the red blood-corpuscles, causes hemolysis. In addition, it has recently been 
shown that a certain diminution of resistance of the erythrocytes and an abnormal 
excitability of the vasomotors exist in the “paroxysmal” form. The blood-serum 
alone possesses hemolytic properties. The erythrocytes manifest a distinct diminu- 
tion of resistance to free CO 2 . According to Krokicwicz,2 the action of free CO 2 
at room temperature is necessary for the occurrence of hemolysis in vitro. With 
the hemoglobinuria, hemoglobinemia, solely from oxyhemoglobin, can synchronously 
be demonstrated; in the normal periods the serum contains no oxyhemoglobin. 
The influence of the vasomotor and secretory nerves appears to be of importance 
for the occurrence of CO 2 hemolysis. Very small amounts of atropine distinctly 
inhibit the attack ; small amounts of pilocarpine favor it. Probably the occurretice 
of CO 2 hemolysis is due to the increased secretory activity of the vascular endo- 
thelia as a result of augmented activity of the nerves mentioned. The collective 
hematologic findings during the attack suggest a constant irritation of the blood- 
forming organs. During the attacks the previously increased number of lympho- 


^ Sambon, on purely theoretic grounds, regards black-water fever as a specific 
disease nearly related to, or identic with, Texas fever. Christophers and Beotlcyi 
however, combat this view. 

a Wien. klin. Woch., No. 14, 1911. 



BLOOD, 


677 


cytes (30 per cent) generally falls to 10 per cent At the same time the eosino- 
philic leucocytes diminish in number or disappear. The blood-pressure is increased 
— even before onset of the chill — and decreases at the acme of the fever. 

BuhTs disease is characterized by a symptom triad, first accurately 
described by Buhl, namely, acute fatty degeneration of all organs, intense 
icterus, and usually uncontrollable hemorrhage from the navel. Hemor- 
rhages occur also in the form of ecchymoses, gastrointestinal and cere- 
bral bleeding. It differs from WinkeVs disease (epidemic hemoglobi- 
nuria) by the absence of hemoglobinuria. Both diseases have recently 
been recognized as severe types of septic infection in the newborn. 

Chlorosis/ simple primary anemia, or ^"green sickness/’ 

the etiology of which is unknown, occurs chiefly in females at the age 
of puberty, and is usually a transitory condition. There is a slight de- 
gree of hydremia, a marked decrease in the relative amount of hemo- 
globin: olichromemia (usually aliout 40 per cent of normal), and, 
consequently, a decrease in the specific gravity of the blood (average 
1.040). In most cases the decided decrease in the amount of hemoglobin 
is the chief characteristic, the number and form of the red blood-cor- 
puscles being only slightly below normal. 

Examination of 700 cases of chlorosis by Otten, in Lenhartz's Ham- 
burg clinic, gave the following: — 

The hemoglobin content in 700 cases was : — 


In 13 cases ( 1.8 percent.) between 10-20 percent. 


In 

86 ‘ 

(12,0 

per 

cent.) 

In 

153 ‘ 

(22.0 

per 

cent.) 

In 

170 ‘ 

(24.0 

per 

cent.) 

In 

142 ‘ 

(20.0 

per 

cent.) 

In 

75 ‘ 

(10.0 

per 

cent.) 

In 

61 ‘ 

( 8.0 

per 

cent.) 


21-30 percent 
31-40 percent 
41-50 per cent. 

51-60 per cent. 

61-70 percent 
71 per cent, or over 


In severe forms of chlorosis there may be poikilocytosis, and the 
number of red blood-cells may fall to 2,000,000, the hemoglobin to 15 
per cent., and the specific gravity to 1.028. Marked poikilocytosis, how- 
ever, is usually observed only in the severest forms, in which there is a 
tendency to thrombosis and a liability to dangerous accidents, such as 
embolism of the pulmonary artery, sinus thrombosis, etc. Megalocytes — 
abnormally large, red blood-cells — are relatively frequent, and in a few 
instances normoblasts and now and then typic myelocytes are observed. 

In 151 cases of chlorosis obs^ed by Otten, the following condi- 
tions were noted: — 


t xkupn WK green, n^alc. So-called “Egyptian chlorosis” is due to the Agcl^- 
mtonmm duodenale. (See p. 367.) 
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(a) The number of red corpuscles was: — 

In 1 case 1.5 to 2.0 million 

In 18 cases (12.0 percent.) 2.0 to 2.5 ** 

In 22 “ (14.0 percent.) 2.5 to 3.0 

In 40 “ (26.0 per cent. ) 3.0 to 3.5 “ 

In 27 “ (17.0 percent) 3.5 to 4.0 “ 

In 28 (17.0 percent) 4.0 to 4.5 

In 15 “ (10.0 percent) 4.5 to 5.0 " 

(b) Poikilocytosis was observed in 60 cases. 

(c) Nucleated erythrocytes were present in 8 ca.ses. 

(d) The number of leucocytes varied between 4000 and 7000. 

(e) The specific gravity was as low as 1.028 in the severest cases. 

The decrease in the number of the red blood-cells is not due to 
especial frailty of the elements, but probably to early (perhaps congeni- 
tally) established insufficiency of the hematogenous organs, which are 
unable to meet the increased demands of evolution at the period of 
puberty. The condition frequently is associated with hypoplasia 
of the heart and arterial vascular system, and sometimes of 
the g e n i t a 1 organs, ( See p. 48. ) 

A similar oligemic condition, namely, simple secondary anemia, 
may also be acquired as a result of defective assimilation and increased 
waste in a great variety of diseases, in all chronic affections asso- 
ciated with cachexia (carcinoma, tuberculosis, syphilis, bone suppura- 
tions, prolonged lactation, malaria, chronic nephriti§>, etc,). The blood 
alterations depend upon the nature and duration of the primary affection. 
Almost always there is diminution in the number of the red blood-cells 
and a corresponding decrease in the amount of hemoglobin. The form 
of the erythrocytes is generally unaltered ; occasionally, however, decided 
poikilocytosis and the occurrence of nucleated red ceils are observed, in 
which instance it may be a question whether the diagnosis of simple sec- 
ondary anemia should not be rejected. Transition into the chronic perni- 
cious form unquestionably occurs. In contradistinction to chlorosis and 
pernicious anemia, the number of leucocytes is often considerably in- 
creased. In some instances the blood changes are so marked as to cause 
confusion with pernicious anemia. According to Lenhartz, if leucocytosis 
is present and the nucleated erythrocytes are chiefly of the normoblast 
type, the secondary form of anemia may generally be assumed to exist. 

Progressive essential aiieaitay of the Germans, anemia progress 
siva perniciosa (Biermer), Addisonian anemia.— When the anemia is 
of higher degree and assumes a more independent character, so that the 
amount of blood no longer suffices to supply the tissues with nourish- 
ment and oxygen, the condition is designated as pemicioilS dlieiinlB* 
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(See p, 48.) This always has a progressive character* The red blood- 
corpuscles present the most varied forms and differences in size (macro- 
cytes or megalocytes, microcytes and poikilocytes). The pernicious 
sequelaj consist principally of retrogressive fatty metamorphosis of the 
organs with disposition to hemorrhages. The fatty metamorphosis of 
the heart (myocardium) finally ends in death. Pernicious anemia may 
be the result also of repeated severe hemorrhages, particularly if, in the 
intervals of the individual hemorrhages, insufficient time has elapsed to 
compensate for the loss of blood by new formation. 

The blood is normal in color or strikingly pale, but sometimes darker 
than normal, like weak coffee, or even tar colored. It is often very thin, 
so that it does not spread into a thin layer and dry upon the preparation- 
glass so well. 

The number of erythrocytes is always diminished, often to an aston- 
ishing degree. Figures of from 400,000 to 800,000 are by no means rare. 
Quincke counted in one ca<c only 143,000 as the minimum limit. On the 
other hand, the number of leucocytes remains normal, an increase being 
very rare. 

The total hemoglobin content is reduced to 15 or even 12 per cent., 
but that of the individual corjmscles is not; indeed, it is not rarely in- 
creased in the latter, as is at once apparent by comparison of the figures 
giving in percentage the diminution in the number of erythrocytes and 
hemoglobin. For example, the number of red blood-corpuscles may be 
as low as 16 per efent., while the hemoglobin content is only as low as 
20 per cent. 

Microscopic examination generally shows an enormous ix>ikilocytosis, 
slight tendency to the formation of rouleaux, frequent microcytes, and 
strikingly numerous megalocytes, and usually, also, nucleated red blood- 
cells. Very freqi%ently the cells are imbedded in a pale, homogeneous 
(albumin?) layer, such as is otherwise not observed in stained dried-blood 
preparations. 

In the microscopic tliagnosis of pernicious anemia Lenhartz considers 
the excessive occurrence of abnormally large red blood-corpuscles of chief 
importance. A point of importance in the differential diagnosis between 
essential anemia and that form secondary to a malignant neoplasm is 
that, in the latter, the multinucleated leucocytes are in the majority of 
instances increased, while in the former they are rather diminished. 
There are exceptions, however. 

Hayem always found the blood-plates greatly reduced in number, and 
often entirely absent. If this is found, to be the rule, it might offer an 
explanation for the constant reduced tendency of the blood of pernicious 
anemia to coagulate. 
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Nucleated red blood-corpuscles, often of unusually large siase, occur 
either in small or large numbers, and are but rarely absent. According to 
Lenhartz, anemic degeneration is rare. The behavior of the eosinophiles 
is wholly uncharacteristic; diminution as well as slight increase may be 
observed ; complete absence appears to be a very unfavorable prognostic 
sign. Nucleated red blood-cells may occur in all severe anemias. Ehrlich 
ascribes an important role to their size; according to him, the presence 
of normoblasts permits a more favorable prognosis, since they are to be 
interpreted as an indication of an increased production of normal elements 
from the bone-marrow. The prominent part played by the bone-marrow 
in the formation of blood has been established by Neumann and Bizzozero. 
In severe anemias there is more or less advanced transformation of the 
yellow, fat bone-marrow into red bone-marrow. In this way an increased 
regeneration of the more readily destroyed red blood-cells is secured. 
From this point of view it might be assumed that the absence of nucleated 
red blood-cells is an indication of the nonoccurrence of the significant 
transformation into red marrow. This, however, is not in harmony with 
facts. The most advanced metamorphosis of the bone-marrow into a uni- 
form, red, gelatinoid mass repeatedly is found in cases in which the most 
careful examination of blood preparations shows not a single nucleated 
red blood-corpuscle. 

According to F. Berger, i it is justifiable to regard pernicious anemia as due 
to chronic catarrhal inflammation of a portion of or the whole gastrointestinal 
mucosa, in the course of which a markedly hemolytic lipoid Substance is developed. 
So long as the bone-marrow, by increased formation of blood, can keep pace with 
the progressive destruction of red blood-corpuscles in the blood channels, the blood 
remains unaltered; with occurrence of insufficiency of the bone-marrow, however, 
in the earlier or later development of which the disposition of the affected individual 
and coexistent diseases arc of importance, pernicious anemia develops. 

In aplastic anemia, the cause of which is unknown, there is 
atrophy of the bone-marrow and consequent inability of regeneration of 
erythrocytes. In some cases complete lack of the parenchyma of the 
bone-marrow has been noted; in others only the erythroblastic tissue is 
lacking, while the leucocytic cell types are present or even markedly 
increased. 

Splenic anemia (Elanti’s disease) is an affection characterized by 
splenomegaly, anemia, leucopenia, and later by cirrhosis of the liver and 
ascites. The etiology is obscure. Banti does not regard it as due to either 
syphilis or malaria. De Marchis^ believes it is infectious in origin. He 
has tabulated 25 cases studied clinicly and pathologicoanatomicly and finds 


i Reichs-med. Anzeiger, No. 9, 1910. 

^ Riv. crit. di Clin, med., 1909, x, p. 701. 
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that, while 15 of these cases gave no history of any previous infectious 
disorder, 10 did — though in all the connection was remote. In 19 addi- 
tional cases studied clinicly, only 7 gave previous history of infectious 
diseases. He also examined the blood for hemolysins, but found neither 
auto- or iso- hemolysins in either blood taken from a vein in the arm 
or in that expressed from the spleen after removal. He examined the 
blood by the method of deviation of complement, but the result was nega- 
tive, and it was negative also when the antigen used was an alcoholic 
extract of a liver from a case of hereditary syphilis. He points out the 
fact that the splenomegaly precedes the anemia, and is unable to explain 
the Icucopenia or the eosinophilia which also is present. The affection 
has successfully been treated by extirpation of the spleen. Von Jaksch 
states that Banti’s disease may be caused by lues, tuberculosis, gout, and 
protozoal infection. Schmitt^ describes an exactly similar condition due 
to congenital syphilis. Therefore, in those cases giving a positive Wasser- 
mann reaction, it is advisable to employ antisyphilitic treatment before 
resorting to splenectomy. 

Certain poisons, so-called blood poisons, produce disturbances of 
function by chemic alteration of the true respiratory substance, namely, 
the red blood-corpuscles. The altered blood-corpuscles are then in- 
capable of taking up or giving off oxygen. Here, for example, be- 
long hydrocyanic acid and carbonic oxide gas (carbon monoxide 
hemoglobin). Other poisons cause more or less visible alterations 
or destruction of *the red blood-corpuscles : hemoglobinemia, or 
melanemia, or methemoglobinemia. (See Poisoning, p. 315, 
and Hematic Pigment, p. 133.) 

Basophilic granulation, or degeneration or granular 
stippling of the red blood-corpuscles, first described by Grawitz 
in cases of pernicious anemia, is manifested by the appearance within 
the red blood-cells of blue granulations after staining with polychrome 
methylene-blue. They are observed in many intoxications (severe ane- 
mias and leukemias), and occasionally also in nornyl blood, but par- 
ticularly in lead poisoning, in which condition they are regarded as of 
decided diagnostic value. (See p. 327.) 

The Jhteipretation of basophilic granulation is still a mooted question. Blood- 
cells showing this change may probably be regarded as indications of a pathologic 
regeneration — an abnormal reaction of the bone-marrow. They may be seen in 
every anemia anl occasionally also in chlorosis. Basophilic granulation and poly- 
chromatophilia (see p. 682 ) very probably^ belong together. 

Irregular or diffuse, dirty-bluish or brownish coloration of the red 
blood-corpuscles, due to lack or deficiency of the acidophile property of 

^ i Munch, mcd. Woch., 1911, No. 12. 
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the normal cells and increased affinity for basic dye, is called poly- 
chromatophilia. It is observed in ' various anemias, malaria^ 
leukemia, etc. The blood-plasma possesses the property of coagulating 
outside the vessels and, with the exception of the capillary blood, also 
within the vessels after death. 

The process of coagulation is connected with one of the fluid 
constituents of the blood : the fibrin. Coagulation is divided into 
two acts : at first a gelatinous, colloid mass analogous to that composing 
urinary tiil)e-casts develops by “clotting*’ of the fluid drop. The colloid, 
hyaline, glassy state may persist, c,g., in pleuritis, or pass on to the 
second or true coagulation stage. This consists of the formation of a 
fibrin reticulum and the separation of fluid (serum) by gradual con- 
traction of the fibrillated fibrin. A characteristic feature of the fibrin 
fibrillae is that they do not contract in one direction only, as is usual 
with connective-tissue fibrillae. 

Coagulation of fibrin varies within quite wide limits; it sometimes 
occurs early, sometimes late and slowly. It may be delayed or entirely 
prevented by the addition of salts. It is almost totally absent after death 
only under certain conditions, namely, in asphyxia, in certain poisonings 
(prussic acid, sulphureted hydrogen, alcohol, etc.), and sometimes in 
infectious diseases. If coagulation occurs within the vessels during life, 
this gives rise to thrombosis. (See p. 72.) 

Hyperinosis* — The amount of fibrin in the blood is increased in 
many local inflammatory processes. As soon as vdry much fibrin is 
formed in an inflamed organ (e.g., in erysipelas, pleuritis, or fibrinous 
pleuropneumonia), a portion enters the lymph and then the blood. This 
portion constitutes, in a measure, an excess of the fibrin produced in a 
given locality from the (connective) tissue, for the removal of which the 
lymph circulation does not suffice. Increase of fibrin (hyperinosis), 
therefore, depends upon a local disorder, and usually is the greater the 
more richly the affected organ is supplied with lymph-vessels. From 
this it also follows that a fibrinous exudate cannot originate simply as 
the result of transudation of fibrin from the blood, but that an ante- 
cedent local alteration of the tissue always is present. Enormous fibrin 
coagula are often found post mortem. 

Hypinosis, or decrease in the fibrin content of the blood, occurs 
in typhoid fever, and poisoning by carbon dioxide (in suffocation) and 
monoxide and sewer-gas, hydrocyanic acid, in hemophilia, etc. 

In hydl€Olia the watery constituent is increased. It occurs tem- 
porarily in posthemorrhagic anemia, as a result of rapid regeneration 
of the watery constituent, and as a permanent condition in nephritis, 
hepatic and cardiac disease, and cachectic states. 
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AahyiifeiBia, a relative diminution of the salts and watery con* 
slttoents of the blood, is observed in cholera nostras and especially in 
Asiatic cholera. The blood becomes inspissated like tar. 

Hyperaibumioosis is a relative increase of the albumin content 
ol the blood (e,g,, in cholera). 

H 3 rpalblllllill 08 i 8 is the corres|X)nding diminution, due to increased 
consumption or diminished supply of proteid or both. 

In plethora vera (polyemia), or increase in the total volume of 
blood, the amount of hemoglobin and the number of red blood-corpuscles 
are generally increased. It may occur as a result of hypernutrition, and 
in connection with idiopathic hypertrophy of the heart. 

Splenomegalic polycythemia with cyanosis, Vaquez's 

disease, e r y t h r o c y t h e m i a , erythremia, is a chronic affec- 
tion characterized by splenic enlargement, cyanosis, and very marked 
increase in the number of red blood-cells (polyglobulism). The 
bone-marrow at necropsy shows a high degree of hyperplasia. 

Polycythemia (polyglobulism), increase in the number of red blood-cor- 
puscles (8,(X10,(X)0 to 13,0(X),()(Xl pro c.nim.), occurs as the ^result of physio- 
logic influences (e.g., high lands) as well as in pathologic conditions, under which 
a secondary and a primary form may be differentiated. The secondary form is 
observed in circulatory disturbances, cardiac lesions, emphysema, etc. As an 
apparently primary affection it occurs in two forms : as Vaquez’s disease {poly- 
cythamia megalosplenica) ^ characterized by increase of the number of erythrocytes, 
cyanosis, and spleen tumor, and as Geisbock’s disease {polycyihttmia hypertonica), 
characterized by increase in the number of red blood-cells and augmented blood- 
pressure. In the splenomegalic form a high degree of hyperplasia of the bone- 
marrow is observed. According to Senator,! about 50 cases of splenomegalic poly- 
cythemia and about 12 cases of pure hypertonic polycythemia have thus far been 
recorded. In the course of one year, however, Stahelin,^ out of 4000 to 5000 
patients, observed 7 cases of hypertonic polycythemia and 4 cases complicated with 
emphysema, cardiac* lesions, severe arteriosclerosis, or nephritis. No doubt many 
cases of Gcisbock’s polycythemia, especially those of mild degree, are cither over- 
looked or not recorded. Many mild cases of polycythemia may progress without 
splenic tumor or augmented blood-pressure. In low lands patients showing 6,000,000 
erythrocytes pro c.mm. may be regarded as subjects of polycythemia.^ 

Oligemia, or acute anemia, occurs immediately after severe loss 
of blood; as in traumatic, typhoid, or post-partum hemorrhage. In 
healthy individuals, compensation of a single and even quite severe loss 

1 Polycythamie und Plethora. Hirschwald, Berlin, 1910. 

2 Berlin, klin. Woch., Jan. 16, 1911, p. 101. 

® According to Sahli and Sorenson, the number of red blood-corpuscles pro 
c.mm. in healthy women is 5,000,000, in healthy men 6,000,0(W. These figures, 
however, usually apply to young individuals. The high figures given 
by Sahli may be accounted for by the fact that his observations were made at m 
altitude of SSO meters (Bern). 
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of blood usually takes place in a remarkably short time, often within a 
few houfvs; in very severe hemorrhages (traumatic) within a few days, 
the lymph-vessels supplying fluid in increased quantity. As after hem- 
orrhage the fluid constituents are regenerated more rapidly than the red 
elements, a temporary state of hydremia occurs, and, consequently, 
the blood is relatively poor in red blood-corpuscles (oligocythemia). 

Chronic anemia is always associated with qualitative changes in 
the blood. (See Secondary Anemia, p. 678.) 

Hemophilia, “bleeders’ disease/’ congenital hemorrhagic diathesis, 
is inherited and of rare occurrence. It occurs principally in males, but 
is transmitted chiefly through the female members of a family. Sons of 
daughters whose fathers were bleeders most readily inherit the disease. 
The affection is characterized by the severe and even fatal hemorrhage 
occurring after slight injuries, which is attributed to defective coagu- 
lability (hypinosis) of the blood; a tendency of the vessels to rupture 
is also supposed to be responsible. (See p. 63.) 

In spoilt (urate mi a) an accumulation of uric acid, and in dia- 
betes mellitus an increase in the sugar content of the blood is demon- 
strable. 

After each meal the thoracic duct empties chyle into the blood cir- 
culation : chylemla. The fat-granules can, as a rule, still be dem- 
onstrated between the mouth of the duct and the lungs after death; from 
this point onward they are indistinguishable. fVobably the fat is saponi- 
fied by the free alkali of the blood. Sometimes, hovV*cvcr, the condition 
of milky blood occurs also in the intervals of digestion (in pregnant 
and puerperal women, also in fasting) as a result of deficient saponifi- 
cation or combustion of the fat (perhaps owing to absence of free 
alkali, or as a result of respiratory disturbances). A large amount of 
fat is often found in the blood in diabetes mellitus ^nd in severe con- 
gestion, especially that due to valvular lesions, in the absence of any 
definite explanation for the origin of the fat: lipemia. Upon the 
basis of histologic findings, Graupner^ claims that the fat in the blood 
in lipemia is derived from the adipose tissues of the body. 

Presence of Foreign Substances in the Blood. • 

Aside from the chyle, fat enters the blood as a foreign constit- 
uent under the following conditions: First, as the result of emptying 
of an atheromatous focus in a large artery; second, in extensive in- 
juries (•fracture of bones, crushing of adipose tissue, etc.), a great num- 
ber of fat-cells being destroyed and the liberated fat-droplets entering 

1 Wien. klin. Woch., 1910, No. 36, p. S6S. 
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the lacerated veins, and, third, in eclampsia. As in the latter condition 
small lesions are constantly present, a traumatic origin must be assumed 
to be the correct etiology here also. Fat may occur in the blood also in 
severe cases of diabetes, in which condition it may amount to 20 per cent. 
If the droplets of fat are few in number, they are soon consumed (sapon- 
ified) in the blood without exerting any injurious effects; if, however, 
they are very numerous, interruption of respiration may occur as a result 
of obstruction of a large portion of the pulmonary vessels (fat-emboli), 
or edema of the lungs may supervene from collateral fluxion. 

In its action atmospheric air possesses a certain similarity to fat. 
If small air-bubbles enter open vessels (at' operations, venesection, 
etc.), they are rapidly and tracelessly absorbed by the blood; on the 
other hand, if a large amount of air gains admission, a foamy mass, 
which the heart cannot ex]ud. forms in the right ventricle. In this event 
the proper supply of blo<jd to the lungs is cut off and death by asphyxia 
results. 

Foreign cellular elements enter the blood only after injuries or 
alterations of the vessel walls. For example, abscesses may break through 
the vessel walls and discharge their contents into the blood-channels. 
This is not the usual process, however. As a rule, thrombosis occurs 
before rupture takes place. Malignant tumors, especially chondroma and 
mixed tumors, not infrequently grow into the vessels, under which cir- 
cumstances single cells may become detached and the tumor germs be 
conveyed by the bl'6od to distant regions. This is not a very uncommon 
mode of metastasis formation. In women who have recently been con- 
fined, decidual cells are invariably found in the blood-vessels of the lungs, 
and in subjects of eclampsia liver-cells frequently are observed in the 
4mgs. 

In an analogous manner the blood serves as a means of transport 
in so-called lime metastases. If large masses of bone are rapidly 
absorlied by tumors, the blood usually becomes overladen with lime- 
salts, and when these cannot be excreted rapidly enough through the 
kidneys as a result of nephritis) they are deposited within the 

renal tubules and in distant parts of the l)ody. The stomach and lungs 
appear to.be especially disposed to these metastatic lime deposits, for it 
is in just these localities that calcareous metastases are most frequently 
found. 

In long-continued internal employment of silver-salts, separation 
of reduced (metallic) silver occurs within the glomeruli. (See p. 94.) 
This could have been brought to these parts only by the blood-current; 
consequently, the silver-salts must have been retained in the blood for 
some time in an as yet unknown modification. 
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It may also be assumed that certain pigments, carbon p^ment 
in the spleen, have been transmitted in a similar manner and under espe- 
cial conditions from the lungs to the Malpighian corpuscles of the spleen 
by means of the blood : secondary anthracosis. 

In melanemia, which is observed only as a result of pernicious ma- 
laria, small granules and large agglomerations of pigment may be found 
in the blood either during or long after the attack. 

Absorption of bile by the blood (see p. 135) is better known 
and more easily followed. In adults, only dissolved bile-coloring n^atter 
is observed in the tissues, while in the nevv])orn, in addition to small 
crystalline needles, small rhombic crystals of bilirubin also have been 
found. Excretion of bile-coloring matters occurs in the urine. 

Lower animal and vegetable organisms are occasionally ob- 
served as foreign elements in the blood. Among the animal organ- 
isms the most frequent are the hemamcbae of intermittent (malarial) 
fever; of the trematodes, Schistosomum liccmatobinm (Bilharz), occur- 
ring in Egypt (caiuses hematuria and chyluria; see p. 375) ; of the round- 
worms, Filaria sanguinis hominis, in the tropics (causes chyluria), and 
temporarily also cysticerci of Tccnia solium and echinococcus of Tania 
echinococcus, (For trypanosomes and spirochaeta of syphilis, see pp. 
394 and 543.) 

Of the lowest vegetable organisms, the first to be observed was the 
Spirochccta ohermeieri, which was seen by Obermeierwin the blood dur- 
ing an attack of recurrent (relapsing) fever. (See p. 503.) Since then 
the number of bacteria which have been demonstrated in the blood has 
enormously increased. Almost all known pathogenic micro-organisms 
have been found in the blood, partly free in the plasma, partly within 
the colorless corpuscles. 

All these pathogenic micro-organisms invariably enter the blood 
from some focus of disease, and, as a rule, in such a manner that a con- 
tinuous accretion occurs. In addition, the metabolic products of the 
micro-organisms also are introduced. When a pure culture of patho- 
genic micro-organisms is injected into the blood-vessels of a healthy 
animal, these microl>es are rapidly eliminated without the occurrence of 
disorder. Something more than the simple presence of a micro-organism 
— usually a locus minoris rcsistenticc — ^is always required for the devel- 
opment of disease. (See remarks on the infectious diseases, p. 427 
ct scq.) 

LYMPH. 

The lymph consists of the lymph-cells, already spoken of in con- 
nection with the blood, and of the lymph-liquid. The latter, like the 
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blood-plasma, possesses under certain circumstances the property of 
coagulation; but the coagulation differs very markedly from coagula- 
tion of the blood in that it never occurs within the lymph-vessels after 
death. The. lymph, therefore, behaves like the capillary blood. It con- 
tains no fibrin, but only fibrinogen substance. This substance is con- 
tinuously supplied to the blood with the lymph and then, under certain 
conditions, is transformed into fibrin. The fibrinogen substance of nor- 
mal lymph is sometimes found in exudates, c.g,, pleuritic exudates. 
These, like the lymph-liquid, coagulate only after evacuation and on 
contact with the air. 

The lymph coagulates also within the lymph-vessels under patho- 
logic conditions, Lt\, when it has been altered by a diseased organ. This 
is the case, for example, in lymphangitis, and often to a very marked 
degree in board-hard phlegmon (woody phlegmon). 

In all infectious processes, especially the phlegmonous, lymph 
thrombosis is a relatively favorable event, in that it checks farther 
extension of the process in the direction of the lymph-stream. The 
lymph-vessels form, as it were, the natural routes by which infectious 
germs are transmitted, since they stand in direct and open union with 
the tissues, and in infections they take up vitiated juices and infectious 
germs and transi)ort them to neighboring lymph-glands. Besides color- 
ing matters (e.gr., tattooing), micro-organisms, coal-dust (in the lungs), 
fat (in traumatism), red blood-corpuscles, etc., tumor-cells, owing to 
their great frequency, must also be mentioned as foreign admixtures of 
the lymph. Carcinomata especially manifest a marked disposition to 
grow into the lymph-vessels and to distribute germs with the lymph-stream 
to the nearest lymph-glands, or gradually to fill the lymph-vessels them- 
selves with tumor-cells (c.g,, in the pleura and peritoneum), and thus 
transform the lumina into solid cancer-cell cords. 



HEMATOPOIETIC ORGANS^ 

SPLEEN. 

The spleen is a quite soft organ which can very readily be 
crushed by incautious pressure. Size, form, and internal arrangement 
are subject to individual variations. The following constituents must 
be distinguished : — 

1. Capsule: of connective tissue. 

2. Trabecula}: connective-tissue ban<ls^ as continuations of tlie 
capsule into the interior. 

3. Pulp: consisting of ]mlp-cells and a small amount of yellowish- 
red basement substance within a fine reticulum. 

4. Follicles: located in the adventitia of the smallest arteries. 

5. Vessels. 

The capsule is a connective-tissue membrane which sends bands 
(trabeculx) into the interior and. consequently, is in continuous union 
with the latter and cannot be stripped off as can the caj)sule of the 
kidney. 

The connective-tissue trabeculze form a framework, f.c., unite 
the spleen capsule with the vessels. 

The gray-white or milk-white Malpighian corpuscles or 
follicles are seated upon the smallest arteries, in a measure as de- 
posits within the adventitia. They occur partly isolated, partly in small 
groups, and are subject to individual variations in number and size. 

The reticular connective tissue, the meshes of which 
are filled with lymph-corpuscles, forms in the periphery of the follicles 
a dense reticulum which is continuous with the reticulum of the pulp. 
Consequently, a follicle cannot be lifted out as a whole, as is the case 
with a tubercle ; on incision the follicle is cut through, while a tubercle 
is usually pushed aside and afterward protrudes. 

The arteries are characterized by an especial arrangement : 
thus, from every small branch arise a large number of terminal branches 
(penicilli) which have a certain resemblance to the hairs of a brush. 
These penicilli break up into capillaries in the pulp. From these the 
blood flows into the comparatively wide, cavernous veins. It is doubtful 
whether the pulp comes in direct contact with the circulating blood. It 
is often assumed that there is a portion within the spleen where the 

1 These contain also smooth muscle-cells. 

( 688 ) 
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Fig. 347. — Vertic section of a small superficial portion of the human 
spleen, as seen with a low power. A, peritoneal and fibrous covering; b, 
trabecula?; c, r, Malpighian corpuscles, in one of which an artery is seen cut 
transversely, in the other longitudinally; d, injected arterial twigs; e, spleen- 
pulp. (After Kdlliker,) 


Fig. 348. — Thin section of spleen-pulp, highly magnified, showing the 
mode of origin of a small vein in the interstices of the pulp. the vein, 
filled with blood-corpusclcs, which are in continuity with others, 6/, filling up 
the interstices of the rctiform tissue of the pulp; w, wall of the vein. The 
shaded bodies among the red blood-corpuscles are pale corpuscles. (After 
Schaefer.) 


44 
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vessels lose their walls and the blood must circulate through the pulp. 
Hence, the conception that the spleen has no capillaries still exists. One 
can readily be convinced of their presence by examination of the spleen 
in amyloid degeneration of the pulp, because in this condition they are 
especially and distinctly manifest. It is quite possible, however, that a 
kind of interruption exists between the capillaries and the next larger 
vessels. 

In addition to the reticulated connective tissue already mentioned 
and the ever-present blood constituents, the pulp is composed of a 
yellowish-red basement substance and the pulp-cells; the latter are large, 
mononucleated cells with single, granular nucleus and nucleolus. 

Lymph-vessels do not traverse the pulp, but only the capsule of the 
spleen, in the trabeculae and in the vessel-sheaths. 

By contact with the pulp the blood is freed — as it were, filtered — from 
all possible foreign admixtures. This is the reason why the spleen is 
altered in all diseases in which injurious substances enter the blood (aside 
from the intoxications in a strict sense), particularly in almost all febrile 
infectious diseases. The injurious substances, especially bacteria, are 
retained in the spleen, and produce acute hyperplasia of the adjacent 
pulp-cells. This is a fonn of metastasis. 

The hyperemia, which is always demonstrable at first, does not 
constitute the essential element of the swelling; indeed, in the higher 
grades of acute infectious spleen tumor it always disappears to give 
place to a pronounced anemia. That the spleen, nevertheless, does not 
appear decolorized, but retains a grayish-red color, is due to the fact 
that the pulp itself has a yellow-red color. Even in the most intense 
degrees of anemia, also without tumefaction, e.g., in pernicious anemia, 
in death from acute hemorrhage, in cachexia, the spleen pulp always has 
a reddish color, never a gray hue, just as skeletal muscle, in complete 
anemia, retains its natural red color. 

Every enlargement of the spleen, whether it develops rapidly or 
slowly, or is of short or long duration, is designated as Spleen 
tumor. The enlargement is always due primarily to increase of the 
pulp, even in the chronic forms of spleen tumor. In so-called acute 
swelling, acute spleen tumor, hyperplasia of the pulp-cellos occurs in 
a short time; consequently, the capsule is always very tense, the 
points of insertion of the trabeculae into the capsule appearing like 
punctiform depressions. If the organ is incised, the creamy, reddish 
gray pulp wells up upon the cut surface in a characteristic manner, 
owing to retraction of the tensely stretched trabeculae. In this stag' 
the spleen possesses an extreme degree of ^Triability^’ ; it tears on the 
slightest careless manipulation. The follicles are usually not involved 
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in some cases {e.g,, in scarlatina, typhoid), however, they are intensely 
altered and, as a result of enlargement, appear as distinct whitish spots. 

Sometimes the alteration advances to inflammation, so that smaller 
or larger portions of the spleen die, a reactive, dissecting, purulent in- 
flammation developing in the neighborhood: splenitis lobularis {e.g., in 
scarlatina, typhoid, etc,). As the capsule also is involved in the necrosis, 
an adhesive inflammation very soon develops in the neighborhood, 
whereby, as a rule, the rare occurrence of exfoliation of the necrotic 
tissue into the abdominal cavity is avoided. If partial adhesive perito- 
nitis cannot develop rapidly enough, general purulent or ichorous peri- 
tonitis always occurs. 

When the irritation causing acute spleen tumor repeatedly recurs 
(in malaria, cirrhosis of the liver, pulmonary phthisis), or when a more 
chronic irritation results in spleen tumor (frequent in syphilis), the 
swelling is usually accompanied by induration due to new formation of 
reticular connective tissue, of trabeculic, and of the vessel-sheaths. In 
this case the cut surface is smcx)th, no pulp protrudes, and the color is 
sometimes more dark red, sometimes more pale gray-red, not rarely 
somewhat mottled, according to the amount of blood ])resent; the con- 
sistency is doughy or firm, so that the spleen withstands somewhat 
rougher manipulation. If the swelling increases more and more (in 
malaria), the spleen becomes gradually harder and acquires a fleshy 
character. Another affection which occurs in congestion in the region 
of the portal vein should not be confused with this condition. 

The cause of the congestion may be an affection of the lungs (em- 
physema) or of the heart (particularly mitral stenosis and lesions of 
the aortic orifice). In consequence of chronic congestion moderate 
enlargement of the spleen occurs through dilation of the vessels, espe- 
cially the veins, and through increase of the connective-tissue structures: 
of the reticulum, of the vascular sheaths, trabeculae, and capsule. Th * 
con.sistency of such a spleen is very firm, often hard; the cut surface is 
quite smooth and dark red to blackish red in color. Trabeailae and 
follicles are generally very distinctly recognizable. 

In embolic processes the blood-infarcted area has a wedge-shaped 
(pyramidal) form, corresponding to branchings of the arteries. The 
embolus is located at the apex, which is directed toward the hilus. 
The size of the infarct varies within wide limits. The fresh in- 
farct is very firm in consistency, has a uniform, somewhat dry, black- 
ish-red cut surface, and forms on the surface a flattened swelling. The 
termination of the infarct is very variable according as the material 
contains infectious agents or not. In the latter case the infarcted tissue 
dies and gradually is absorbed. The infarcted part then grows smaller, 
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acquiring more and more a yellow color, and, finally, a retracted scar 
occupies the place of the infarct. If the infarcts were large, and if, as 
is often the case, a number of them were present, the spleen may acquire 
a lobiilated form as the result of the formation of multiple cicatrices. 

When the emboli contain infectious germs, the events are in accord- 
ance with the nature of the infectious agents, i.c., the infarct may develop 
into a purulent, ichorous, or gangrenous focus. Purulent liquefaction 

is most frequent; owing to the disintegrated hemorrhagic masses, how- 
ever, it does not produce pure pus, but a more reddish, yellowish, or 
brownish-yellow fluid. The extent of this softening is very variable 
according to the size of the occluded vessel ; sometimes almost the whole 
spleen is destroyed in this manner. In this connection adhesive inflam- 
mation or general acute peritonitis may occur, as in splenitis lohularis. 

Abscesses of the spleen develop also as the result of extension of 
a suppurative process from parts adjacent to the spleen (after per- 
forating round ulcer of the stomach, paranephritic abscess, etc.), often 
after adhesion has previously occurred as a result of an adhesive process. 
As no hemorrhagic processes occur, the pus usually possesses its ordi- 
nary character. Occasionally, after antecedent adhesion, a splenic abscess 
may rupture through the diaphragm into the pleural cavity, into the lung, 
the stomach, intestine or externally. 

Under normal conditions the pulp-cells of the spleen manifest great 
disposition t(^ take up red blood-corpuscles. Why they do this is not 
quite clear; it is assumed that the red blood-corpuscles are about to die. 
Therefore, strictly speaking, the spleen must be classed rather with the 
blood-depurating or blood-destroying than with the blood-producing 
organs. Nevertheless, in the absence of any positive knowledge of the 
function, the spleen is generally classed with the hematopoietic organs, 
and many physiologic as well as pathologic phenomena speak in favor 
of this view. First, all affections in which the spleen pulp is perma- 
nently affected are associated with marked degrees of anemia and 
cachexia ; second, the spleen contains a very variable number of follicles ; 
third, a more or less large number of colorless blood-corpuscles has fre- 
quently been found in the splenic venous blood, and, finally, the peculiar 
red color of the pulp al^o speaks in favor of an especial relation to the 
red blood-corpuscles. 

In all i)rocesses in which a portion of the red blood-corpuscles is 
rapidly destroyed (malaria, transfusion of animal blood, etc.), brown 
blood-coloring matter (hemosiderin) very quickly accumulates in the 
pulp. Pirown coloring matter is observed also in chronic diseases accom- 
panied by atrophy of the spleen ; this then produces the condition desig- 
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nated as broWQ atrophy, in which the spleen is small, the capsule 

wrinkled, and the cut surface smooth and rusty brown. 

Simple atrophy without pigmentation is more frequent. This is 
almost always found in general anemia resulting from chronic diseases, 
in cachectic states, and in senile marasmus (here, however, also pigment 
atrophy). In this case the spleen is strikingly small, very flabby, the 

capsule wrinkled, and the cut surface pale; the vessels and trabeculae 
are unusually distinct, only a small amount of space being occupied by 
the pulp. The atrophy, therefore, involves chiefly the pulp. 

Amyloid degeneration of the sifleen is an accompaniment of gen- 
eral cachexia, and occurs principally in chronic bone suppurations, syph- 
ilis, and pulmonary consumption, seldomer in carcinoma, malaria, etc. 
It occurs in two forms; as sago spleen and as bacon spleen* (See 
p. 148.) Less frequently the follicles and pulp are amyloid degenerated 
at the same time. The spleen is always enlarged in this condition. 

In jaundice of the newborn (icterus neonatorum — see p. 136), 
needle-shaped and rhombic bilirubin crystals occur in the spleen, while 
in adults only a more uniform saturation of the fluids, the vessels, and 
pulp-cells, with dissolved bile-coloring matter, occurs. 

Pentastomum, echinococcus, and cysticercus occasionally enter the 
spleen with the blood-current, and arc there retained. (See Animal 
Parasites, p. 371.) 

In marked alveolar emphysema of the lungs metastatic, black lung- 
pigment is very frequently observed in the spleen, chiefly in the follicular 
tracts. This is a metastasis in the old sense, in so far as the lung black 
disappears from the old location (lungs). 

Tumor metastases, as well as primary tumors, arc rare in the 
spleen. Most frequent are gumma, sarcoma, fibroma, and angioma. 

The inflammatory alterations of the capsule are partly ex- 
udative or adhesive, partly productive, in nature. An exudative 
perisplenitis develops after alterations of the spleen itself (infarct, 
abscess, splenitis lobularis, etc.) ; also in general peritonitis and as a 
result of inflammatory changes in neighboring parts, e.g., in left-sided 
empyema, gastric ulcer, pancreas necrosis, paranephritic abscess, trauma, 
etc. In accordance therewith sometimes the whole capsule, sometimes 
only a part thereof, is affected. According to the nature of the process, 
fibrinous, fibrinopurulent, purulent, and icht)rous inflammations are dis- 
tinguished. The simple fibrinous form leads partly to adhesions with 
adjacent parts, partly to thickenings of the capsule. 

The productive inflammations are usually an accompaniment 
of chronic exudative inflammations, and, therefore, are not always 
sharply to be separated from these. They usually involve one or 
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several portions of the capsule, less often the whole capsule, and 
consist in a gradual thickening of the capsule by deposition of fibrin 
and connective-tissue proliferations. When these changes occur in 
many small areas, nodules may develop which have a certain resem- 
blance to tubercles, but which diflfer from these by their uniform, hard, 
gray-white character. The more the capsule thickens, the more sclerotic 
and finally cartilaginous the consistency becomes : callus fibrosus, as it 
is composed of dense, poorly vascular connective tissue. As a rule, the 
adjacent trabeculae are involved in the thickening and induration, while 
the parenchyma atrophies more and more. The indurations may attain 
a thickness of about 1 cm. Sometimes, but not always, there is an 
abundant deposition of lime-salts, so that in some cases the spleen finally 
is incased in a lime shell. 

Small C3r8t8 filled with clear, watery fluid and extending more 
or less deeply into the spleen substance are sometimes found in the 
capsule at the sharp edge of the spleen. Nothing certain is known 
regarding the mode of origin of these cysts. As the capsule is usually 
thickened, it is probable that they result from portions of dilated or 
constricted lymph-vessels. 

On action of trauma, rapture of the spleen (always with lacer- 
ation of the capsule) may occur, which, owing to the accompanying 
severe hemorrhage, frequently endangers life. If the hemorrhage ceases 
in time, healing may occur by cicatrization. Aside from large hemor- 
rhages following serious injuries, hemorrhage in the spleen can only 
in extremely rare instances be positively diagnosticated. The difficulty 
lies in the vascular arrangement; under normal conditions, as is well 
known, there is a portion of the spleen — the pulp — in which a true vas- 
cular wall cannot with certainty be traced, where the blood probably 
comes in immediate contact with the tissue. So long fis the blood there 
remains fluid and is mixed with the true si)leen parenchyma, it may with 
certainty be assumed that hyperemia, and not hemorrhage, is present. 


LYMPHATIC GLANDS. 

The lymphatic glands are small organs introduced in the xourse of 
the lymph-vessels and interrupting their continuity. They have a bean- 
shaped form; the afferent lymph-vesvsel enters at the convex margin 
(see Fig. 349), ramifies and emerges on the opposite side — at the hilum. 
The parenchyma of the lymphatic glands consists of the follicular 
trabeculae : cord-like formations which terminate, with a bulbous, rounded 
swelling, beneath the capsule upon the convex side. These follicles are 
separated by connective-tissue bands. In the interior of these follicles is 
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found reticulated connective tissue the reticula of which are filled with 
lymph-gland cells. The lymphatic vessels lose their walls in the paren- 
chyma, so that the lymph comes in direct contact with the follicular cords. 
The lymphatic glands are, therefore, in a measure a filter for the lymph. 

In the alterations of the blood and of the lymph it was stated that 
lymph-corpuscles, or colorless blood-corpuscles, are constantly conveyed 
with the lymph to the blood. After each meal, as well as during preg- 
nancy, the number of these elements increases, the lymph, quantitatively 
and qualitatively altered by the increased metabolism, physiologicly stim- 
ulating the glands. 



Pig, 349. — Diagrammatic section of lymphatic gland, a. L, afferent, e. 
efferent, lymphatic; C, cortic substance; M, reticulating cords of medullary 
substance; /. s.j lymph-sinus; c, fibrous coat sending trabeculae, fr., into the 
substance of the gland. (After Shart*ey,) 

In analogous manner there occurs under pathologic conditions 
through an inflammatory irritation (of a chemic and mechanic nature) 
exerted by the altered lymph, swelling of the lymph-glands due 
to hyperplasia of the lymph-corpuscles. This is the case especially 
in infectious diseases; for example, in fibrinous pneumonia, swelling 
of the bronchial glands is invariably observed; in diphtheria, swelling 
of the pharyngeal glands; in chancre, swelling of the inguinal glands; 
in erysipelas and phlegmon of the finger, hand, and arm, swelling of the 
axillary glands. In typhoid fever the mesenteric glands assume a marrow- 
like appearance, usually in consequence of intense cellular proliferation. 
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All these swellings usually disappear, so that the glands completely re- 
cover their normal state. In some cases the inflammation increases ; the 
intensely swollen lymph-gland is richly infiltrated with hemorrhages, or 
a more or less large portion of the gland is transformed into an abscess 
(e.g., bubo in soft chancre). Sometimes suppuration involves a whole 
lymph-gland (or several contiguous ones). 

These severe forms are quite frequent in marked septic infections, 
in severe gangrenous diphtheria, in scarlatina, anthrax, and bubonic 



Fig. 350. — Section of the medullary substance of a lym^atic gland. (300 
diameters.) a, a, a, lymphoid cords; c, lymph-sinus; b, b, trabeculae; d, d, 
capillary blood-vesvscls. (After Recklinghausen.) 

plague. When the foci are small, they may be confined to their original 
location, be transformed by inspissation into caseous material, and 
finally become calcified ; larger foci usually have a progressive,, character, 
and either extend to the adjacent adipose or connective tissue or, in 
case they reach a surface (tonsillar abscess, bubo, etc.), burst and dis- 
charge their contents externally. The usual termination of medullary 
swelling in typhoid fever is resolution; the sphacelus almost always 
involves only small, punctiform foci. Complete or partial caseation of 
the lymph-glands is pathognomonic of scrofulosis, even though partial 
resolution follows the primary hyperplastic stage. 



LYMPHATIC GLANDS. 


697 


Acute inflammatory swelling of the lymph-glands in which the irri- 
tation is continuous may develop into a chronic swelling and terminate 
in fibrous induration. Partial induration originating from the connective 
tissue is frequently observed after taking up of particles, particularly 
inorganic substances, c.g., dyes (after tattooing) or stone-dust (chali- 
cosis in stonecutters). One of the most frequent findings is accumula- 
tion of coal-dust in the interstices of the bronchial glands : these appear 
mottled, black, and white, frequently entirely black. Individual lymph- 
glands sometimes have a yellowish or brownish appearance on incision, 
due to retention of pigments after hemorrhages into the region of the 
radicles of the lymph-vessels. 

Amyloid degeneration involves the small arteries as well as the 
parenehyma: the lymph-cells of the follicles. The peripheral lymph- 
glands are always first involved, then the next following in the direction 
of the lymph-stream, and so on; in the individual lymph-glands also 
the peripheral portions at the cortic margin are always first altered. 
Chronic changes, usually suppurations, are always found in the radicle 
area belonging to the affected glands. Amyloid lymph-glands are no 
longer able to supply the blood with lymph-cells : blood-corpuscles ; con- 
sequently, when many lymph-glands have undergone amyloid degenera- 
tion, anemia develops. This distribution of amyloid degeneration of the 
lymph-glands corresponds in every way with that of tumor metastases 
in the lymph-glands, and, consequently, justifies the view that amyloid 
degeneration is the* result of deposition of a foreign substance introduced 
from without in solution. (See p. 146.) 

Among the tumors occurring in the lymph-glands metastases pre- 
ponderate. Metastatic carcinoma nodules are most frequent; next follow 
the soft and the melanotic sarcomata, rarer fibrosarcoma, chondroma, etc. 
(See Tumors.) , 

Carcinoma metastases offer an especially good example of the 
ability of the lymph-glands to act as a filter for the lymph. The nearest 
lymph-glands frequently become involved very early taking up and 
retaining injurious substances present in the circulating lymph, whether 
these be cellular or fluid constituents, and thus for a time protecting the 
organism .against further metastasis formation. As soon, however, as 
the carcinoma metastases in the lymph-glands have reached a certain 
stage of development, the involved glands in their turn form new, inde- 
pendent foci of infection. 

Aside from leukemic tumors, principally soft and hard lympho- 
sarcomata, seldomer myxomata and sarcomata, develop from the lymph- 
glands. 
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THYMUS. 

In structure and partly also as regards its pathologic changes, the 
thymus is closely related to the lymphatic apparatus. Originally an 
epithelial organ, the epithelial elements are gradually replaced by in- 
growth of lymphoid tissue, until at birth it resembles in structure the 
spleen and lymphatic glands. Finally, only a few epithelial remnants 
(the so-called Hassal bodies) remain, all else being displaced by 
lymphoid tissue. Its behavior is peculiar in so far as it continues to 
grow only up to the end of the second year of life (according to some 
authorities, up to the 11th to 15th year), then remains stationary for a 


Fig. 351. — Lobule of thymus of a child, seen under low power. C, cortex; 
c, concentric corpuscles within medulla; b, blood-vessels; tr, trabeculae. 

long time and disappears, except for a small remnant, at about the 
beginning of, or shortly after, puberty, adipose tissue occupying* its 
former site. In some cases the gland docs not atrophy, but remains at the 
acquired state of development without producing any disturbance: thy- 
mus persistens. In rare instances it may be lacking in the newborn. 
Accessory thymus glands are not rare. 

Knowledge of the true function of the thymus is obscure. ^ By some 
it is regarded as one of the series of organs which, by elaboration of inter- 
nal secretions, serve to regulate various functions. That it is an accessory 
organ is shown by the fact that its function can be performed by others 
(the spleen, thyroid gland, and testes). Simultaneous removal of the 
thymus and spleen in animals is said always to cause death. There is 
evidence to show that developmentally, anatomicly, physiologicly, and 
pathologicly it is closely associated with the thyroid, and it has experi' 
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mentally been demonstrated that the thymus is unnecessary to the 
economy when the thyroid is gone, and when the thymus is removed 
less thyroid suffices. In cases of Graves’s disease, in which the thymus 
is enlarged, removal of the thyroid is followed by sudden death. In 
cretins thymectomy reduces the necessity for thyroid secretion. 

The state of the thymus depends essentially upon the nutrition of the child. 
The atrophied gland in emaciation of the child may regenerate on restoration of 
the body weight. Thymectomy produces an increase in the number of red blood- 
cells, but no alteration in the form or number of the leucocytes. Injection of thymus 
extract may cause death of an animal under symptoms of decreased blood-pressure 
and slowing of the pulse. 

Experiments made by H. Klose^ on dogs have shown that minute remnants of 
the thymus left after thymectomy suffice for complete regeneration of the organ 
within a short time. Fourteen days after total removal a ''stadium adipositas** of 
from two to three months’ duration develops, followed by loss of weight, general 
bodily weakness, frailty of the bones, arrest of growth in spite of ravenous appetite, 
and frequently spontaneous fractures. This cachectic stage or cachexia thymopriva 
is accompanied by "idiotia thymopriva" with a terminal "coma thymicum." In the 
bones were found associated the signs of rachitis, osteomalacia, and osteoporosis. 
7'he bones of the control animals contained 65 per cent, lime-salts, those of the 
diseased animals only 32 to 34 per cent. In this lime impoverishment the ratio of 
salts was unaltered. The poverty in undissolved lime-salts w'as dependent upon 
increased acid action. The thymus is an organ which inhibits the formation of 
acids in the organism or neutralizes or masks an excess of acids. The (hypothetic) 
nucleinic acid intoxication produces in gnjwing bone defective construction, rachitis 
with abnormal softness and flexibility; in ready- formed bone increased destruction, 
osteomalacia, and osteoporosis with abnormal fragility. The assumed acid intoxica- 
tion explains why thymectomized animals cannot be cured with thymus substances, 
since pathogenic potency is directly added in the nuclein salts. 

The thymus gland is subject to great variations in size and shape. 
In the newborn and small children it sometimes attains considerable 
dimensions: hyperplasia thymi, so that it exerts injurious pressure upon 
the respiratory organs, vessels, and nerves {asthma thymicum), and 
sometimes may cause sudden death: thymus death. . (See Status 
Lymphaticus.) The hyperplasia acquires a tumor-Hhe character in 
lymphatic leukemia, in which condition the thymus is involved in child- 
hood as well as in later life, as thymus persist ens, A hyperplastic 
thymus parsistens sometimes gradually develops into lymphosarcoma. 

Hypertrophy of the thymus may occur under various forms. It may cause 
sudden death, or be manifested during a considerable period by more or less intense 
embarrassment of respiration which suddenly produces such threatening symptoms 
that, unless appropriate measures are immediately adopted, death may result, 
h^yspnea and stridor are the chief symptoms of thymus hypertrophy. In some cases 
persistent cyanosis is observed. There are forms, however, which produce no 


^ Arch. f. Kinderheilk., Bd, 55, H. 1 and 2. 
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symptoms for a long period, respiratory disturbances occurring only occasionally. 
In some instances suprasternal and supraclavicular retractions are observed during 
inspiration, and occasionally symptoms of false croup are present The general 
nutritive disturbances which occur must be attributed to insufficiency of air. It is 
important to note that febrile diseases may reveal a latent thymus hypertrophy, 
manifested by decided respiratory disturbances; in such cases an acute laryngeal 
affection, such as croup, may wrongly be suspected. A frequently observed indica- 
tion of thymus hypertrophy is asymmetric bulging of the right sternocostal region, 
which in some cases is visible, in others only palpable ; likewise an expiratory pro- 
trusion of the suprasternal notch. In the latter region the enlarged gland can 
sometimes directly be felt. 

Thymus abscesses (Dubois’s abscesses), observed in congenital 
syphilis, are peculiar cavities filled with leucocytes and surrounded by 
proliferated epithelia, and are, therefore, not true ab.sccsses. True 
abscess of the thymus may, however, occur in phlebitis of the umbilical 
cord and in pyemia. In rare cases tubercles (in general miliary tuber- 
culosis) and gummata are observed in the thymus. 

Hemorrhages are observed in poisonings and sometimes in death 
from suffocation. 

Dermoids, lymphosarcoma, carcinoma, and endothelioma are ob- 
served, and probably some tumors of the mediastinum originate in this 
organ. Tumors of sarcomatous nature have been observed also in 
myasthenia gravis (Erb’s disease). 

Status lympbaticus, or thymicus, is a constitutional anomaly, observed in 
children, in which the thymus, tonsils, prevertebral and mCsenteric lymph-glands, 
and the follicles of the intestine and spleen are extraordinarily strongly developed. 
It is dependent upon simple hyperplasia of the collective lymphatic apparatus; also 
defective development (hypoplasia) of the heart and vessels, and, therefore, 
chlorosis often coexists. An explanation for this is lacking. In advanced cases 
lymphatic tissue appears to develop in localities where normally it does not occur: ^ 
e,g,, numerous typic lymph-nodes are observed in the |^one-marrow. Status 
lymphaticus is almost always associated with hypertrophy of the thymus, i.e,, hyper- 
plasia of the medullary substance. Nothing characteristic is found at necropsy. 
Sudden death often occurs without apparent cause or in the course of simple inter- 
current affections. In some cases the trachea shows alterations due to compression 
by the enlarged thymus. Numerous punctiform hemorrhages are often seen here 
and there on the pleura and epicardium — ^appearances suggesting death from 
asphyxiation. In other cases the trachea presents no alterations. ^Then there 
usually is found an often marked dilation and hypertrophy of the left heart, but 
no alteration of the myocardium. Persistence and hyperplasia of the thymus arc 
quite frequently observed in adults in Addison’s and Basedow’s disease, in the latter 
of which affections the thymus generally lies close to the thyroid gland. No 
especial histologic changes are noted here. Sometimes a large thymus (thymus 
Persistens) is observed in advanced age, due to lack of, or defective, retrogression. 



RESPIRATORY SYSTEM, 


Tlie nasal m neons membrane in the movable parts of the nose is covered 
with lamellated squamous epithelium, and in the pars respiratoria with ciliated 
columnar epithelium. Likewise, the mucous membrane of the larynx, trachea, and 
larger bronchi is covered by stratified ciliated epithelium, which is interrupted by 
mucus-secreting goblct-cells. Only the posterior surface of the epiglottis, the 
anterior surface of the arytenoid cartilage, and the true vocal cords are covered 
with lamellated squamous epithelium. 

The epithelium of the bronchial mucous membrane (see Fig. 352) gradually 
loses lamellae until in the finer branches only a single layer of ciliated epithelium 



Fig. 3S2.— Ciliated epithelium (obtained by careful scraping of the 
mucosa). X 350. a, from a principal bronchus; b, from a fine bronchus; 
r, from a bronchiole. 

is present, which is continued to the beginning of the bronchioles. The ciliated 
epithelium, however, gradually passes over into an epithelium composed of a 
mixture of cubic and large nucleated and nonnuclcated cells, which even in the 
neighborhood of the alveolar ducts consist chiefly of the large, polygonal, 
flat, so-called respiratory epithelium. It has been found by embry- 
ologic research that the epithelium gradually becomes flattened only afte * 
respiration has become established. In stillborn children cubic epithelium only is 
found in the alveoli. 

Smooth muscle-fibers accompany the bronchial tubes down to the alveolar 
ducts and form a delicate ring at the point of* origin of the alveoli. Besides these 
muscle-fibers the wall of the alveolar ducts is rich in elastic libers, which are 
arranged as circular fibers and also surround the opening of each alveolus and 
from there send out branches which support the whole alveolus. By the immediate 
continuation of neighboring elastic-fiber rings the alveolar septa arc formed. The 
respiratory portions of the lungs arc divided by connective tissue into small and 
niimuest lobules; in the interlobular fibrous stroma are found black pigment- and 
niinute carbon- granules, which have been deposited there by respiration and the 
l.vmph-current. (Lenhartz-Brooks.) 

The organs of respiration, in accordance v^ith their physiologic 
principle, have a greater surface development than all other organs. 
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This is so great in the lungs that the parenchyma in relation to the 
space which the lungs occupy is extremely small. Hence, the diseases 
of the lungs also deviate most from the diseases of other organs, while 
those of the bronchi, trachea, larynx, and nose more closely resemble 
the changes occurring in other organs covered with mucous membrane. 

The nose is the organ which, for its internal lining, first received 
the name mucous membrane. The true lung-tissue forming the alveoli 
has no mucous membrane. The alveoli are nothing more than simple 
excavations in the tissue (comparable to finger indentations in 
moist clay) ; therefore, they have no special wall. The lung-tissue con- 
sists of a homogeneous substance traversed by elastic fibers, which are 
of the greatest importance for the function. The elastic parts do not 



Fig. 353. — Diagrammatic representation of the ending of a bronchial 
tube in sacculated infundibula. B, terminal bronchus; L B, lobular bron- 
chiole; A, atrium; /, infundibulum; C, air-cells or alveoli. (After Schaefer.) 

lie directly in the surface, but are intimately connected with the surface 
and cannot be separated from it; hence, they are not considered as 
separate. The homogeneous substance belongs to the group of con- 
nective tissue; it is not, however, ordinary fibrillated connective tissue, 
since it does not consist of fibrillae, but of a homogeneous mass with 
very few cells. It is, therefore, a substantia propria in which, aside from 
the few nerves and lymph-vessels, an unusually large number of blood- 
vessels course. Upon an injected section, the surface occupied by the 
vessels appears larger than the true lung parenchyma. Hence, every 
part filled with blood must appear quite red, the gray color of the true 
lung-tissue being obscured. Therefore, red color in the lungs does not 
indicate hyperemia, but gray color indicates anemia. 

In the alveoli the lung-tissue is lined with a single layer of flattened 
epithelium which, loosened and viewed from the side, appears micro- 
scopicly as a very fine line; only at the side of the nuclei are* the celh 
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somewhat thicker. The epithelium forms a simple protective covering, 
but gives to the alveoli no specific character; therefore, unlike the epi- 
thelium in the kidneys, it does not form the parenchyma. In the 
strict sense of the word, the true parenchyma of the lungs is 
formed by the capillaries which traverse the surface of the lung-tissue 
and sometimes even project above it, while the true lung-tissue does not 
directly take part in the gas exchange — respiration — and, therefore, may 
be looked upon as the stroma. Ordinarily, however, the term paren- 



Fig. 354. — Human respiratory apparatus. It shows the branching of the 
bronchia in the interior of the lungs. (After Duval.) 

chyma^ is employed to designate the true lung-tissue, and interstitial 
inflammations are spoken of only where true, ordinary fibrillary con- 
nective tissue occurs in the lungs. These localities are the visceral pleura, 
the borders of the lobnli ( the interlobular connective tissue which unites 
the lobuli), and the regions of the bronchi and of the larger vessels — the 
peribronchial connective tissue which unites vessels and bronchi with 
the true lung-tissue. Therefore : (1) superficial, (2) paren- 
chymatous, and (3) interstitial processes are differentiated. 

The air passages have a complex structure and terminate with the 

^Parenchyma: the essential or functional elements of an organ. 
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bronchioles, which are incapable of respiration, but temper cold and 
hot air and arrest particles, dust, upon their sticky surface. The 
air passages possess ciliated epithelia, through the agency of which, under 
normal conditions, removal of all precipitated particles is aided. 

The processes of the air passages, in accordance with the compli- 
cated structure of the latter, are more manifold than those of the true 
lung-tissue. All true alveolar processes are generally characterized by 
a somewhat more chronic course than those of the air passages; the 
latter are usually of an exudative nature, and produce principally sputa. 
Hence, the air passages can be observed just as well clinicly as an- 
atomicly, perhaps better clinicly. while diseases of the lung parenchyma 
are essentially objects of anatomic observation. 

The lung always contains air; normally every alveolus contains a 
certain quantity of air. If a number of alveoli are filled with air, the 
air dominates and the area in question has a bright-red appearance; on 
the other hand, if no air is present in the alveoli, the part, provided the 
vessels contain blood, appears dark red. 

Before birth no air enters the alveoli; therefore, the lungs of new- 
born which have not breathed appear blue-red and sink in water. This 
state of the lungs is called atelectasis.^ If air enters such a lung, 
it acquires a vermilion appearance (telectasis).^ When a child 
has made respiratory efforts before birth, the lungs at birth, although 
airless, are not atelectatic, but hepatized. As, however, the alveoli need 
not be completely filled with the liquid contents, it n^ay still be possible 
to inflate them. The possibility, therefore, of forcing air into the 
alveoli is not proof that atelectasis had existed. In atelectasis 
the alveoli must be not only airless, but totally empty. On the other 
hand, air may develop in atelectatic lungs in consequence of gas devel- 
opment through putrefactive processes; this cadaveric development of 
gas, however, does not occur in the alveoli, but within the tissue : eitlier 
subpleural or interlobular. These putrefactive bubbles grow rapidly to 
pea-size, but do not ])roduce a fine foam. On pressure a red foam, com- 
posed of large bubbles, is discharged upon the cut surface. 

There is also an acquired atelectasis : atelectasis acquisita. In this 
condition the air completely disappears from a part without anything 
entering the alveoli to take its place. 

Compression atelectasis also is an acquired atelectasis. It differs 
from all others in that the affected area is also anemic. The pressure, 
e.g., by a pleuritic exudate, removes air and blood at the same time, the 
blood more easily than the air, which is readily retained in the bronchi. 


^Ateles: imperfect; ectasis: dilation. 
^Tele: far, and ectasis. 
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From this an ash-gray state results, which is associated ^th great flac- 
oidity of the organ. 

Ordinary acquired atelectasis develops as a result of interruption 
of the bronchial and alveolar air-space, most frequently through occlu- 
sion. This presupposes an exudate large enough to occlude, and is 
favored by muscular weakness, adynamia.^ Owing to^the muscular 
debility, expectoration is absent. Occlusion of the lumen may occur also 
as a result of a process within or outside a bronchus in the absence of 
asthenia. It is usual, therefore, to differentiate two varieties of acquired 
atelectasis, according as the local cause or asthenia^ predomi- 
nates. 



Fig, 355 . — E I, interstitial 
emphysema ; E a. alveolar 
emphysema; n Alv, normal 
alveoli; B, bronchi* L, lobuli; 
PI, pleura pulinonalis ; i S, 
interlobular septa. (Schematic. 
After Langerhans.) 



Fig. 356. — Interlobular in- 
terstitial emphysema. Natural 
size. (After Langerhans.) 


When air is retained in the alveoli by occlusion of a bronchus, it 
is absorbed by tho blood; the lung-tissues, consequently, collapse, and 
contain only blood ; they, therefore, appear red, and give the impression 
of hyperemia. This is red atelectasis, which is sometimes also called 
pneumonia spuria. If the atelectatic area lies upon the surface beneath 
the pleura, it appears retracted. While compression atelectasis occurs 
most frequently in the lower and anterior portions of the lower lobe 
and is mofe or less diffuse, red atelectasis is found more in the upper 
lobes, frequently in lobular form. 

In an atelectatic part of the lung a watery secretion may occur into 
the alveoli. This is pulmonary edema: erdema pulmonnm, in which, 
however, not a foamy, but a clear, watery, fluid can be expressed. Such 


^a.* priv.; dunamis: strength. 
^a: priv.; sthenos: strength. 
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a lung area is gray-red in color and doughy in consistency; pressure 
of the finger-tip produces a pit. The consistency has a certain resem- 
blance to that of the spleen, for which reason it is designated also as 

splenization. 

In contrast to these atelectatic states stand those which are desig- 
nated as pulmonary emphysema. In this state the lungs always contain 
a plus of air. Two forms are diflferentiate<l : emphysema interstitiale 
and alveolare. In the first case the air is outside the true lung-tissue, 
within the interlobular connective tissue (see Fig. 355, E i, and Fig. 
356), and frequently forms rows of air-bubbles arranged like a string of 
pearls. Under certain conditions this air infiltration, which corresponds 
to traumatic emphysema of external parts, advances in a direction toward 
the hilus of the lung, following the connective tissue which accompanies 
the bronchi. From there it sometimes extends even to the mediastinal 
tissue, then soon appears at the lower portion of the neck above the 
manubrium sterni, and finally enters also the subcutaneous adipose tissue 
of the thorax, etc. 

In the great majority of cases interstitial emphysema does not ex- 
tend beyond the limits of the lungs, and is an unimportant phenomenon 
which is not found until necropsy; but it is an important indication that 
respiratory disturbance existed, and forced respiratory movements had 
been made. Interstitial emphysema can result in death from asphyxia 
only when it acquires the previously described distribution. It always 
develops as the result of rupture of alveoli in forced breathing and in 
violent paroxysms of coughing {c,g,, in whooping-cough) by penetration 
of air into the loose connective tissue, quite analogous to the origin of 
artificial emphysema of the mediastinum, which occurs at every necropsy 
on opening the thoracic cavity and removal of the sternum; it some- 
times occurs also during unfavorably progressing operations (r.//., 
tracheotomy ) . * 

The delicate lungs of children under 10 years of age are especially 
disposed to interstitial emphysema, while they very rarely present the 
phenomena of alveolar emphysema. 

In alveolar emphysema, called also emphysema pulmonum or em- 
physema verum, the air-bubbles always occur in the interior of the 
lobuli. (See Fig. 355, £ a.) Upon incision of a normal lung, besides 
the ordinary alveoli, isolated, somewhat larger air-spaces — the so-calle<l 
infundibula — also appear. These correspond to the funnel-shape 1 
spaces present between the bronchioli and the true lung-tissue, and whicli 
are formed by the apposed openings of the grape-like grouped alveofi- 
If several or many large air-spaces are visible quite close together, tbi^ 
is always a pathologic condition, due to loss of lung substance and con^- 
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munication of several alveoli, which never occurs under normal con- 
ditions. Of course, small openings leading from one air-space to 
adjacent air-spaces exist, but these are punctiform (stigmata), so 
that careful scrutiny is necessary to discover them. The larger air- 
vesicles inside tlie lobuli originate as the result of an atrophic proc- 



Fig. 357.-.-Emphysema of the king. Infundibula dilated, alveoli flattened, lung- 
tissue rarefied by atrophy of many spots. X 25. (After Smaus,) 


css involving the lung-tissue without the presence of detritus or 
demonstrable expectoration of lung-tissue. These atrophic parts are 
removed by absorption. In this condition the black lung-pigment 
always disappears quite early, and it is this deficiency of black lung- 
Pigment, which often is present only in isolated larger or small foci. 
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that first draws attention to the emphysema. The enlarged air-vesicles 
gradually become larger, more and more lung-tissue being lost, until 
finally the lobuli communicate: emphysema bullosum. It is clear that 
the number of alveoli is thus diminished and at the same time a loss 
of tissue — Le., of vessels and respiratory surface — occurs. Hence, there 
is dyspnea during life. Corresponding to the loss of elastic fibers the 
lungs lose in part their elasticity and contractility; the space which they 
occupy is thus greater, and the lower border of the lungs descends. This 
produces the condition known as volumen pulmonum auctum, which 
frequently is distinctly recognizable even after death by the great bulk 
of the air-distended organs on removal. It is true that such lungs some- 
times are strikingly small, iti that, if no adhesions exist, they strongly 
collapse on removal of the sternum, or, if adhesions are present, they are 
compressed by the hand during efforts to loosen them. 

Alveolar emphysema is, therefore, the atrophic condition of 
the lungs which, as a rule, is due to oft-repeated nutritive dis- 
turbances, whether the cause is frequently recurring paroxysms of 
coughing produced by pathologic processes in the bronchi (chronic 
bronchitis), the whole lung being subjected to higher pressure before 
the cough, or whether, as in blowers, the occupation — the activity — results 
in frequent increase of the intrathoracic air-pressure. 

In asphyxiation and drowning the lungs are found in a greatly 
distended state, which may easily be mistaken for pulmonary emphy- 
sema. Just as soon as the air passages are filled with fluid, pap- 
like or solid masses, spasmodic (convulsive) respiratory movements 
occur; the inspirations are then more energetic than the expirations, so 
that the lungs are distended to the greatest possible degree — to the highest 
degree of inspiration. If the air passages are free, expiration position 
of the lungs usually is present at the necropsy on removal of the ster- 
num and opening of both pleural cavities, the difference in the air-pres- 
sure upon the outer and inner surfaces of the lungs being equalized, and 
the lung-tissue retracting by virtue of its numerous elastic fibers. This 
expiration position of the lungs produced by retraction is impossible if 
the escape of the air in the large bronchi or the trachea is opposed by 
any foreign masses (food, foam). In this case the lungs, if they were 
distended to the maximum at death {e,g,, in drowned individuals), bulge 
beyond the cut surface of the ribs on removal of the sternum. Tlu 
protruded lung portions are strongly distended, and soft and crepitan’ 
on palpation: not hepatized, for in death by drowning the water doe 
not penetrate into the alveoli, but rather mixes with the air in the bronclv 
to form a foamy mass. This is usually easily differentiated from ordi- 
nary pulmonary edema, for the bubbles are large and are discharge ! 
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only from the bronchi. Sometimes, however, differentiation is extremely 
difficult and possible only by careful (also chernic) examination of the 
foamy fluid. 

As has already been stated, the lung-parenchyma as such has a 
translucent gray appearance, which is modified, on the one hand, by dis- 
tended blood-vessels, and, on the other, by pij^^ment deposits. The pigment 
may have a very variable origin. In the newborn the lung is free from 
pigment; in adults large areas entirely free from pigment arc found only 
under certain conditions, c.g., inside of emphysematous parts. The 
ordinary black pigment of the lungs, which occurs in all adults and 
usually gradually increases in amount with age, is semiburned vegetable 
carbon that has been inspired as soot and smoke (tobacco). 

In coal workers fine coal-du^t^ is often found in large amount in 
markedly black and hard lungs: anthracosis; in iron workers sometimes 
a reddish pigment, iron oxide: siderosis, is observed, and in 
stonecutters minute, gray particles of stone, especially silica-dust: chali- 
cosis. These three forms of pneumonokoniosis are constantly associated 
with induration of the lungs, due to connective-tissue proliferations, and 
usually also with bronchitis. 

isolated areas of tlie lung frequently appear dark slaty to black in 
color, and, at the same time, are strikingly hard, sometimes almost 
cartilaginous, in ctmsisiency. This change is called slaty indura- 
tion. As a rule, it is caused by chronic bronchitis, which results in 
gradual induration* of a whole segment of a lung, the connective tissue 
l)roliferating and producing cicatrices. The dark, slaty color is due 
I^artly to increased deposition of black pigment at the point involved 
as a result of the chronic affection of the bronchi, and partly also to 
the fact that the connective-tissue change and cicatrization occlude the 
lymph- spaces and vessels, thus rendering impossible the transportaMon 
of the pigment to the bronchial glands. Slaty induration is a frct(uent 
accompaniment of pulmonary consumption (?.?'.). Next in frequency to 
these pigmentations arc the yellow (icteric) and the brown 
coloring matters derived from the blood. 

^ This coal-dust forms minute microscopic splinters with sharp angles and 
corners: ts unburned coal. In contradistinction thereto, soot, the ordinary black 
ingment of the lungs, appears under the microscope as very small, almost round 
globules. S. Shingu {Virchows Archiv, 1910, Bd. 200, p. 207) examined 22 cadavers 
of children of from 1 d^ to 9 years of age and found dust in the lungs of all 
those over 23 days old. The dust is first taken up in the alveoli principally by the 
cells, probably chiefly by the epithclia. In a child of 2 months accumulations of 
<lust particles could be demonstrated in the perivascular connective tissue. In the 
tissues the dust is most frequently and abundantly deposited in the connective tissue 
surrounding the smaller vessels. The epithclia of the alveolar walls of all dust 
Ijjngs contain a greater or lesser number of dust particles. Direct passage into 
the tissues without the agency of cells could nowhere be demonstrated. 



710 


RESPIRATORY SYSTEM. 


A great part of all coloring matter lies deep in the tissues, chiefly 
in the interlobular and peribronchial connective tissue; therefore, the 
lungs usually have a somewhat mottled appearance. The ordinary black 
pigment of the lung is almost constantly found in the bronchial glands, 
which are often entirely black. 

The yellow and brown pigments originate as a result of hemorrhage 
per diapedesin, particularly in circulatory obstructions in the region of 
the left ventricle {c.g,, in valvular lesions). In consequence of dilation 
of the large vessels the capillaries, which otherwise course in the sur- 
face, protrude far into the lumen of the alveoli. The amount of air is 
thus diminished, and the lung acquires a firmer and denser consistency ; 
it is hard and indurated on palpation; this state, therefore, is called, 
according to the color, red. yellow, or brown induration. 



Fig. 358. — Red induration of the lung. Marked protrusion of the turgid 
pulmonary capillaries at * fat emboli. Fresh section. (Zeiss Apochr.,4; Comp. 
Ocnl, 4. After Langerhans.) 

(See pp. 45 and 57.) In this condition true inflammatory phenomena 
are entirely absent. Whenever they are present they are complications. 

By pulmonary edema is understood the entrance into the alveoli 
of watery fluid from the capillaries of the lung. The watery fluid 
there comes in contact with the out- and in- flowing air, with which 
it mixes and forms a very fine foam. This first fills the alveoli, but may 
fill also all the bronchi and even flow from the nose and mouth. The 
cause of pulmonary edema, i.c,, the escaj)e of albuminous watery con- 
stituents from the capillaries, is principally diminution of the force of 
the heart. Pulmonary edema sometimes occurs very suddenly, and in a 
very short time results in death from interruption of respiration (the 
gas exchange being prevented, the blood becoming overloaded with car- 
bon dioxide, and deficiency of oxygen <?ccurring) ; sometimes pulmonary 
edema develops very slowly and insidiously. An incipient, so-called 
threatening pulmonary edema may resolve if cardiac remedies admin- 
istered at the proper time do not fail to act; otherwise, death always 
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occurs. Pulmonary edema may very easily occur also in a vigorous 
individual with a strong heart if a vascular area is obstructed or com- 
pressed by filling of the alveoli with solid material {e.g., in fibrinous 
pneumonitis), and collateral hyperemia occurs in the remaining portions 
of the lung. In this case also the danger of pulmonary edema depends 
essentially upon diminution in the force of the heart. In topers death 
often occurs in the first stage of pneumonia or even in the prodromal 
stage (engorgement), because the heart, being too weak to respond by 
greater activity to the increased demands, diminishes in force and thus 
leads to pulmonary edema. Pulmonary edema is recognizable anatomicly 
by the fine foam which flows out abundantly upon the cut surfaces of 
the lungs in marked pulmonary edema, and in milder degrees is dis- 
charged upon pressure. 

Congestion hyperemia, hypostatic hyperemia, or hypostasis puU 
momm, is frequently found in the posterior and lower portions of the 
lungs, especially after long confinement to bed. This occurs only in 
myasthenic individuals as a result of circulatory and respiratory weak- 
ness : the activity of the heart is diminished, the vessels are relaxed, and 
the lumina therefore larger ; respiration, an essential means of promoting 
normal circulation, is very weak and superficial, and the blood has a 
tendency to accumulate more and more in the most dependent parts. If 
with this are associated a slight degree of atelectasis and a mild catarrhal 
state of the alveoli, the posterior and lower portions of the lungs are 
dark red, scarcely Vrepitant, slightly hepatized, and flabby. This state 
is designated as hypostatic pneumonia. 

It should not, however, be concluded from every hypostatic red- 
dening that a hyperemia existed during life, because hyj)ostasis very 
frequently develops in the lungs also after death, since all the capillary 
blood, which is always liquid in the cadaver, following the law. of 
gravity, collects in the more dependent portions of the lung. The parts 
situated higher are then pale gray in color. This process is exactly the 
same as that which occurs in the formation of the cleath spots (macula 
cmortualis) of the external skin. (See p. 52.) 

In the respiratory organs, inflammations w'ith mucous 
and with fibrinous exudates are differentiated. Inflamma- 
tion of the nasal mucous membrane with mucous secretions — rhini- 
tis, coryza,^ or cold (see p. 575 ) — a genuine catarrh^ in which 
flow of the exudate is visible, is mo^ frequent. Two stages can be dif- 
ferentiated. In the first stage the mucous membrane is swollen, very 
hyperemic and thickened, firm and dry; as yet no exudate is produced. 

^ Coryza = a running catarrh. 

2 icara^/War = flow down. 
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In the following stage a usually abundant exudation, which at first is 
watery and later more mucoid and tenacious in character, occurs. When 
the coryza subsides a large number of round cells (wandering cells, pus- 
corpuscles) appear in the mucous exudate, which thus acquires a cloudy, 
whitish, occasionally also a greenish-yellow, appearance. In connection 
with the nasal catarrh, catarrhal affections of the nasal accessory sinuses, 

the antrum of Highmore, and frontal sinuses quite frequently develop, 
less often of the middle ear. As the narrow channels connecting the 
accessory cavities with the nose become occluded in consequence of the 
swelling of the mucous membrane, retention of the exudate, which, as 
a rule, is mucopurulent, less frequently purulent, in character, generally 
occurs. Both these forms are usually designated as empyema.^ These 
processes may extend to the neighboring parts and result in periostitis and 
even meningitic processes; they are generally chronic, though they may 
spontaneously subside, but contribute to make the originally acute nasal 
catarrh chronic. 

The mucous catarrhs of the larger air passages 
(laryngitis, tracheitis, catarrhal bronchitis), cs])ecially of the upper 
portions, often produce almost pure mucous secretions with only very 
little albuminous material. Nasal catarrh not infrequently extends to 
the larynx, while catarrhal affection of the bronchi frequently occurs 
without involvement of the nose. The mucous membrane here also 
appears intensely reddened, swollen, and thickened. The mucus often 
adheres so firmly to the surface that a strong stream Of water is required 
to dislodge it. Through admixture of a large number of cells, the 
sputum acquires a cloudy and often a pus-like appearance ; even then, 
however, it usually consists principally of mucus. 

There is no specific micro-organism associated with bronchitis ; nearly 
every pathogenic organism appears to be capable of exciting it. The micrO' 
organisms most commonly observed arc the pneumococcus, which often produces 
severe recurrent nasal and bronchial catarrh with fever; streptococcus, Micrococcus 
catarrhalis, Pfeiffer’s bacillus influenza, and Friedlaender’s pneumobacillus. The 
relation of staphylococci to inflammatory processes in the bronchi is unsettled 
Occasionally the Bacterium coli is found. The Klebs-Ldfflcr bacillus and the 
Bacillus typhosus are observed in some cases of bronchitis occurring in diphtheria 
and typhoid fever. 

Occasionally man contracts from parrots a severe fatal pneumonia: psittacosist 
psiiiacus: parrot. In these cases an especial bacillus, Bacillus psittacosis^ has been 
demonstrated. 

All these mucous secretions, with and without admixture of celb. 
owe their origin to the activity of the inflammatorily stimulated cells of 
the mucous membrane. The process here is not merely a simple exuda* 


l == within, and = pus. 
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tion from the blood (for there is no mucus in the blood), but a local 
product in the formation of which not only the glandular elements, but 
also the whole mucous membrane, participates, since mucus is secreted 
also from parts without glands. Therefore, only that portion of the 
respiratory organs which has no mucous membrane, namely, the true 
lung>tissue: the alveoli, is incapable of producing mucus. Mucous 
masses are never found in the alveoli. 

Fibrinous exudates, in contradistinction to the mucous exu- 
dates, occur everywhere; in the alveoli, however, their origin differs 
from that in canals lined with mucous membrane. In the first case (in 
fibrinous pneumonia; see p. 536) the exudate is never composed of 
fibrin alone, but of blood and fibrin, tu\, an hemorrhagic exudate. On 
the other hand, in canals lined with mucous membrane, in the 

bronchi, the fibrinous exudate is not mixed with blood, but frequently 
with mucus, so that both exudate masses occur side by side and merge 
with each other. 

These fibrin masses likewise originate as the result of the activity of 
the cells of the mucous membrane. So different chemicly as both exudates 
arc, there is only a difference of degree between mucus and fibrin ; in mild 
irritation the mucous membrane jiroduces a mucous exudate; in strong 
irritation a fibrinous exudate is formed. 

Aside from the serous membranes, the fibrinous exudates occur 
most frequently in the large air passages. The larynx particularly is 
cliaracterizcd by s*ecretion of quite pure masses of fibrin. Clinicians 
call this slate of the larynx diphtheria or croup. Croup is a purely 
clinic conception; anatomicly, it is designated as fibrinous laryn- 
gitis. As in this condition fibrinous pseudomembranes form upon the 
mucous membrane under change and loss of epithelium, clinicians have 
gradually become# accustomed to place more weight upon the product 
of the ])rocess than upon the inflammation of the mucous membrane, 
and to designate as croupous all processes in which fibrin appears 
upon the surface. In this way fibrinous pneumonia has finally come to 
he designated as croupous, although fibrinous laryngitis and 
fibrinous pneumonia, according to the entirely different an- 
atomic conditions, are essentially different processes. It is, therefore, 
i>etter entirely to discard the designation '‘croupous’" inflammation and 
replace it by fibrinous. In very abundant exudation of fibrin pseudo- 
membranes of such thickness are produced in the larynx and trachea 
as to form a cylinder which has only a small central lumen. The 
smaller the lumen of the air passage, the sooner the lumen in the cylin- 
<^er disappears, so that solid fibrinous masses are found occluding even 
bronchi of the second and third order, especially in small children. 
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These fibrinous masses lie upon the mucous membrane and are, 
therefore, frequently expelled by coughing or vomiting. They can 
readily be removed post mortem without loss of substance except epithe- 
lium, of which only little remains intact. In these localities the mucous 
membrane is strongly swollen and bright red. Fibrinous laryngitis occurs 
idiopathicly, especially in children, but does not endanger life until the 
process extends through the trachea to the bronchi. As a complication 
it is very frequent in diphtheritic processes, etc. Fibrin coagula 



Fig. 359. — Coagulum in croupous bronchitis. Natural fizc. (Drawn 
after a photograph.) (After Lenhartz.) 


occur in almost every case of croupous pneumonia from the third to the 
seventh day of the disease, Lc,, during the stage of hepatization. They 
are not infrequently dendritic. Highly characteristic coagula, in the form 
of so-called “bronchial trees” (see Fig. 359), appear in crojupous or 
fibrinous bronchitis. They are most frequently tubular in form, occa- 
sionally solid or flat. Usually the lumina of the tubular forms contain 
air; sometimes the contents are bloody. These formations occasionally 
occur also in diphtheria. 

True bronchial asthma is manifested by acute pulmonary disten- 
tion (‘^pulmonary erection,” v. Basch), prevalence of respiratory embar- 
rassment in the expiratory phase (Biermer) — as compared with the 
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usually uniform distribution of the dyspnea to both respiratory phases 
in cardiac asthma — and by symptoms of acute capillary bronchiolitis. 
Characteristic of the catarrh accompanying the bronchiolitis is the pro- 
duction of considerable amounts of tenacious mucus, which firmly adheres 
to the walls of the small bronchi, is expectorated after subsidence of the 
paroxysm in the form of sputum containing coagula, peculiar spiral 
threads, Curschmann’s spirals (see Figs. 360 and 361), Charcot-Leyden 
crystals (see F'ig. 371), and epithelia, some of which are thread-like 
and degenerated. These spirals have nothing to do with the true nature 
of the asthmatic paroxysms. Macroscopicly, these spirals appear as 



Fig. 360. — Cur.schmann’s spiral with central thread. X 110. (After Lenharts.) 

grayish, yellow-mottled, transparent, sago-like formations about Y 2 . to lYz 
nun. thick, and f ror^ to 8 cm. long. Microscopicly, they appear as delicate, 
twisted spirals of glassy transparency, inclosed in a transparent mucous 
sheath. At the extremities can often be seen the manner in which the nu- 
merous fibrillae composing them separate and unite. In nfany spirals is noted 
a delicate, glistening, uniform, white thread (central fiber) occupying 
tlie axis of the structure, and only here and there interrupted in its course 
l)y a sharp-twist (knotting) in the spiral. (See Fig. i()0.) Dense collec- 
tions of the al)ove-mentione(l crystals are not infrequently imbedded in the 
spirals, and sometimes they are so abundant as totally to obscure the 
spiral structure. The manner in wlych these spirals are produced can 
be only conjectured. There can be no doubt, however, that they are 
formed in the bronchioles, and probably are an indication of an exudative 
bronchiolitis. It may be assumed, also, that a more or less extensive 
occlusion of bronchioles with these spirals causes the increasing dyspnea, 
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but that the true paroxysm begins only with spasm of the bronchial cir- 
cular muscular fibers (Biermer), sympatheticly induced by obstruction 
of the bronchioles and distention of the alveoli. Asthmatic sputum is 
characterized also by its rich content of eosinophile cells. 

Upon the posterior wall of the trachea lie a great number of glands 
which are more or less involved in all catarrhal affections, but may be 
catarrhally affected also without involvement of the remaining mucous 
membrane. The cells of these glands frequently undergo mucous trans- 
formation, as a result of which stagnation, retention of the mucous 
masses, and, finally, cystic degeneration of the glands occur; then small, 
submiliary, translucent, light-gray plugs of mucus can often be seen 
protruding from the mouths of the glands, which, in contradistinction to 



Fig. 361. — Citrschmann’s spiral, composed of delicately twisted mucous 
threads and spindle-shaped cells. X 350. In the periphery normal and swollen 
cylindric and ciliated cells, fs; also eosino- (or baso-) phile cells and Charcot- 
Leyden crystals, k. The latter, however, are from other parts of the expec- 
toration : i.e., from another field of the microscope. (After Lenhartz,) 

f 

tubercles, can easily be wiped away. On long duration, inflammatory 
processes, which occasionally assume a purulent character, occur in the 
neighborhood of the glands, in consequence of cystic dilation. As a 
portion of the glands lies outside the tracheal wall between the trachea 
and esophagus, rctrotracheal abscesses develop, which may rupture into 
the esophagus or trachea. In this case true pus may be discharged upon 
the surface of the air passages. 

In chronic catarrh of the air passages (laryngitis, tracheitis, chronic 
catarrhal bronchitis) the same conditions exist on the whole as in th ’ 
acute form. The exudate is usually more tenacious and opaque, and tlm 
surface of the mucous membrane gradually becomes somewhat granular. 
Especial changes occur in chronic catarrh only in and between tb<‘ 
processus vocales. This is the only portion of the respiratory apparatti > 
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which is covered with squamous epithelium. In this locality formation 
of papillae and progressive thickening of the epithelial layers occur in 
consequence of repeated irritation. These localities, therefore, gradu- 
ally become more and more prominent, thicker, sometimes wrinkled, and 
acquire a whitish appearance. Secondary erosions and ulcerations 
readily develop in these parts. 

' There is also a papillary form of bronchitis. Owing to 
the great vascularity of the papillae, this is disposed to unusually abun- 
dant formation of watery secretions. 

Catarrhal affections of the bronchi frequently extend to the true 



Fig, 3(52. —Loosely constructed spiral and Charcot-Leyden crystals. 

, X 110. (After Lenharts.) 

alveolar lung-tissue, and produce at first simple desquamation of the 
epithelium. If the masses are not removed, as is frequently the case, 
esj)ecially in stales causing retention in the bronchi, a more or less in- 
tense cellular exudation into the alveoli occurs, so that the alveoli may 
he completely filled with these products. This is known as catarrhal 
pneumonia. (See Fig. 363.) It is almost always the result of extension 
of a bronchitic process, and, therefore, is designated as broncho- 
pneumonia. This occurs principally in myasthenic individuals, chil- 
dren, and aged persons; otherwise (f.c., in the middle, vigorous period of 
iife), only in very exhausting diseases. 

In every inflammation of the lung-tissue exudate is found in the 
^liveoli. This may consist of cells or of fibrin. As a result of filling 
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of the alveoli with this ekudate, the affected portion of the lung acquires 
a consistency similar to that of the liver. This liver-like state of the 
lung is called hepatization. According to the lesser or greater amount 
of exudate, flabby and firm hepatization are differentiated. The 
flabby forms correspond more to the lobular, catarrhal pneumonias, 
while the lobar fibrinous and the mixed catarrhal-fibrinous hepatiza- 
tions are always firm. In catarrhal hepatization the cut surface* of 
the lobular foci is smooth and has a reddish-gray or yellowish- 
gray color, which may be variously modified by the lung-pigment; in 



Fig. 363, — Catarrhal pneumonia. In the lumen of the alveolus there are 
desquamated epithelia as large cells with a light nucleus ; and leucocytes, small 
cells with dark and in places polymorphous nuclei. Hardening methods have 
caused a granular precipitate in the albuminous exudate. X 250. (After 
Smaus.) 

fibrinous lobar pneumonia the cut surface is granular and has a red, 
yellowish-red, or gray-yellow color. In only one form is the cut surface 
whitish, namely, in pneumonia alba: a congenital syphilitic affection. 
(See p. 555.) If this is present in extensive degree, death occurs from 
asphyxia immediately after birth. 

Bronchopneumonia is characterized by the fact that it usually 
occurs synchronously in a number of lobuli: hepatkatio lobularis. 
as is not rare at first, hepatization occurs only in the central portion 
of several adjacent lobuli (see Fig. 365, c H), the whole section feeh 
like a doughy mass infiltrated with numerous, firm nodules. This state 
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is designated as bronchopneumonia nodosa. If this state lasts some 
time, atelectasis of the peripheral parts occurs (see Fig. 366, A); the 
surface then is nodular and quite dark gray-red in color. 

The termination of lobular catarrhal pneumonia is usually fatty 
metamorphosis of the cellular parts, as a result of which these 
are transformed into an easily absorbable state. In this stage the pneu- 
monic exudate can be forced out upon the surface as a light-yellowish- 















Fig. 364. — Prfulent (suppurative) bronchitis, peribronchitis, and peri- 
bronchial bronchopneumonia in a child 15 months old. a, purulent, b, mucoid, 
bronchial contents ; c, ci, bronchial epithelium infiltrated with round cells and 
partly desquamated, c\; d, bronchial wall containing strongly congested blood- 
vessels and infiltrated with cells; c, cellular infiltrated peribronchial and peri- 
arterial connective tissue ; /, septum between the lung alveoli, partly infiltrated 
with cells; g, fibrinous exudate in the alveoli; h, alveoli filled with richly 
cellular, d, with poorly cellular, exudate ; k, transverse section of pulmonary 
arteries ; /, strongly congested bronchial, peribronchial, and intra-acinous 
vessels. X 45. (After Ziegler.) 

cloudy fluid. This state of the exudate renders possible complete 
J'cstitution. 

An especial form of bronchopneumonia is that which develops as 
the result of aspiration of solid or liquid material, mucus during anes* 
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thesia, most frequently vomited food. These foreign substances some- 
times enter the lungs so shortly before death that a pneumonic process 
cannot develop. In this case the lungs in certain localities are saturated 
with an acid fluid, softened, brownish-discolored, and exhale an acid 
odor. The same character of material as is present in the stomach is 
frequently found in the large bronchi. If death does not occur at once, 
very violent gangrenous processes with ammoniacal decompo- 
sition usually develop. (See Pulmonary Gangrene, pp. 725 and 731.) 

In other cases, especially on entrance of infectious substances 
through emboli, in aspiration of thrush masses, aspergillus {pneumonia 
mycotica) t etc., lobular bronchopneumonia also develops, which, how- 
ever, generally goes on to purulent disintegration with formation of a 
pulmonary abscess. 

The transition between pure catarrhal cellular and pure fibrinous 
pneumonia produces mixed forms in which fibrin as well as large num- 



Fig. 365. H, 
central hepatization of 
the lobuli ; B, bron- 
chi. 



Fig. 366 . — c H, cen- 
tral hepatization ; A, ate- 
lectatic periphery; g o, 
granular nodular sur- 
face. 


bers of cells are found in the alveoli. These mixed forms stand between 
the catarrhal and the fibrinous hepatizations, in so far as they always 
begin in the form of lobular bronchopneumonia as an extension of bron- 
chitic affections, and pursue a more acute course, and, by confluence' of 
individual lobuli, finally, frequently constitute the transition to the true 
lobar form of fibrinous pneumonia. These mixed <forms occur most 
frequently in pulmonary consumption, and then generally go on to 
caseation. On the other hand, caseous hepatization may develop also 
from pure cellular and pure fibrinous hepatizations. (See Tuberculosis.) 

Edema of the glottis {oedema glottidis) may develop either from 
the edges of an ulcer, as erysipelas of external parts extends from a 
wound, or idiopathicly as an erysipelatoid affection: laryngitis erysipe- 
laiodes, especially in connection with erysipelas of external parts. Edema 
of the glottis is almost always an inflammatory edema. Occasionally it 
develops suddenly in acute and chronic nephritis. The region from Mor- 
gagni's crypts to the base of the tongue is generally attacked. The 
aditus ad laryngem is thus so markedly narrowed that asphyxia ma} 
occur. The process usually develops very rapidly and, if death does not 
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occur, may, on further progress, assume a phlegmonous character. In 
other cases an affection of the larynx, which is phlegmonous from the 
beginning, develops in a very short time and may produce death within 
twenty-four hours: laryngitis phlegmonodes. 

In the course of chronic catarrh of the air passages induration — a 
connective-tissue proliferation with subsequent atrophy — sometimes de- 
velops, e.g., in the pharynx. The mucous membrane thus becomes 
firmer, denser, smoother, and paler. In the region of the small bronchi 
the same process begins likewise in the mucous membrane, but soon 
extends to the submucous tissue and spreads outward to the periphery 
of the true bronchus. A fibrous bronchitis {bronchitis fibrosa) which 
finally results in complete fibrous obliteration of the bronchus thus 
develops, which is frequently complicated with fibrous peribronchitis 
{peribronchitis fibrosa). As a result the neighborhood of the bronchus 
is thickened and always somewhat slate-colored, owing to inclosure of 
considerable lung-pigment within the cicatrizing connective tissue. 



Fig. 367. — P i, pneumonia interstitial is fibrosa; L, lobuli. 

From this are to be differentiated those peribronchial proliferations 
which occur chiefly or solely in the peribronchial tissue without marked 
involvement of the bronchi, and result in a whitish-gray, nonslaty thick- 
ening in the neighborhood of the bronchus. This fibrous peribronchitis, 
however, is by no means frequent; it generally occurs whenever the 
remaining scanty connective tissue of the lung also tends to proliferate, 
c.g,, in fibrous interlobular pneumonia (pneumonia intcrlobularis fibroid) ^ 
in which the interlobular connective tissue and always also the contiguous 
pleural tissue gradually become broader and thicker. This process does 
not, as a rule, exceed certain limits, so that the lobular markings are 
usually still recognizable or even very distinct. (See Fig. 367, P t, and 
h'ig. 293, p. 555.) In other cases the process begins in the pleura and 
secondarily extends to the adjacent interlobular tissue. In this instance 
the retraction, without a strikingly large amount of fibrous tissue being 
visible, may be so great that, for example, the sharp margin at the base of 
the lung appears to be lapped over (see Fig. 368, UR) and atelectasis 
finally occurs at this point. 

Induration and retraction sometimes occur at one or more points 
the pleura in the form of a very smooth, iridescent, cicatrix-like focus, 

4a 
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with indistinct center and radiating bands (see Fig. 369, P /), which 
gradually merges with the normal tissue {pleuritis fibrosa retrahens). 
Here, also, the contiguous lung-tissue is altered very little or not at all. 
(See Fig. 370, P i i.) This radiate cicatricial form arouses the suspicion 
of syphilis. 

When fibrous hepatization has no tendency to undergo retrogressive 
metamorphosis and assumes a clironic course, the masses in the alveoli 
may become organized, vascular connective tissue gradually filling the 
alveoli. The absence of air and the development of the vascular con- 



Fig. 3o8 . — P r, pleuritis 
retrahens deformans; U /?, 
curled margin ; B, basis of the 
lung. 



Fig. 369 . — P /, pleuritis 
fibrosa; D, incision. 



Fig. 370.—Section 
of Fig. 369 at Z?. 
P f, pleuritis fibrosa; 
P i i, pneumonia in- 
terstitialis interlobu- 
laris. 9 


nective tissue give to the portion of the lung thus changed the appear- 
ance of raw meat. Therefore, this change is called camification. Large 
numbers of corpora amylacea are not infrequently found in carnified 
parts. (See Pig. 371.) 

According to Nunokawa,i the corpora amylacea in the human lung originate 
as the result of alteration of epithelial or leucocytoid cells which become homo- 
geneous, gradually die, and form the amyloid bodies. In further course the amyloid 
corpuscles enlarge by apposition of homogeneous, dead epithelia and leucocytes 
which form a new stratum around the amyloid body. This view is in accord with 
the finding of carbon pigment which formerly was incorporated in the epithelia and 
leucocytes and is almost constantly demonstrable in each layer of the amyloid cor- 
puscle. No satisfactory explanation of the radiate structure of the bodies could be 


1 Virchow’s Archiv, Bd. 196, p. 221. 
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found. The genesis of corpora amylacea having a carbon nucleus exceeding the 
diameter of an epithelial cell or leucocyte, Nunokawa explains by coalescence of 
several homogenized cells around a large fragment of carbon. 

An acute purulent inflammation of the perichondrium of the carti- 
laginous portions in the air passages is usually the result of an affection 
of the mucous membrane; it is most frequent in the larynx, seldom in 
the trachea, and rare in the bronchi. Syphilitic, typhoid, and tuber- 
culous ulcerations (see p. 556), by extension into the depth, are the chief 
cau.ses of acute perichondritis. The perichondrium, like the periosteum, 
is especially disposed to purulent softening, for suppurative inflammation 
frequently involves the whole perichondrium without similar alterations 
of neighboring parts. The results of extensive suppurative perichon- 
dritis are complete sequestration and necrosis of the affected cartilage. 
The dead cartilage tlicn lies in a pus-cavity which is connected with the 
ulcer of the mucous membrane by a fistulous tract. A suppurative peri- 
chondritis frequently develops from unknown cause without demonstrable 



Fig. 371. — Corpora amylacea. (After Smaus.) 


ulceration or cicatrization in the mucous membrane. This perichon- 
dritic ab.scess may subsequently ruj)turc externally and discharge the 
pus, so that in this case also a fistulous tract is formed. \\'hen the 
laryngeal cartilages are ossified the process runs the same course, except 
that instead of the perichondritis a purulent periostitis is present. So 
violent an inflammatory swelling is sometimes present in the immediate 
neighborhood, especially in early stages, that there is danger of asphyxia- 
tion. In later stages, besides swelling, induration is ir^ially found in the 
neighborhood of the abscess-cavity. The necrotic cartilage or bone may 
be expelled by coughing or remain in situ. Rupture externally or into the 
esophagus^ may occur also in primary or idiopathic purulent perichon- 
dritis. 

The perichondrium of the arytenoid cartilage (at the processus 
''('ocalis) is most frequently attacked; next in frequency come the thyroid 
and cricoid cartilages, seldomer the remaining cartilage. 

Ossification of the laryngeal cartilages always begins upon the 
surface directed toward the mucous membrane, and may be complete. 
It is an alteration of advanced age, but it occurs earlier also, especially 
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in chronic inflammatory alterations of the mucous membrane. The 

tracheal cartilages also sometimes ossify, and less frequently the bron- 

chial cartilages. 

Ecchondroses, which also may ossify, occur upon the cartilages of 
the larynx, trachea, and the large bronchi. Only one or several ecchon- 
droses are usually found in the larynx, while the trachea is often char- 
acterized by a multiplicity of these formations. When these grow toward 

each other from different cartilaginous rings, they may coalesce and form 
complicated cartilage plexuses. These conditions develop with extreme 
slowness and are of themselves harmless. They occur almost always 
in localities in which affections of the respiratory mucous membrane 
have existed for a long time. 

Sacculated and flask-shaped protrusions, with narrow opening, 
which start from Morgagni’s crypts and, as a rule, are directed upward, 
sometimes form in the larynx. Nothing certain is known as to the 
etiology of these laryngoceles. Similar formations — ectases — 
occur in the trachea, but they are almost always multiple. These lie 
at the posterior portion, often to the right at the junction of the 
membranous portion and the cartilage rings; they are usually directed 
toward the esophagus; sometimes, however, they are directed, by in- 
version, polypus-like toward the trachea. Analogous, but insignificant 
protrusions are observed in the bronchi between the elastic bands. They 
are dilated mucous glands which usually still contain mucus and are 
either more or less cystic or firm, solid, and fibrous. *M1 these are united 
with the lumen of the trachea by a fistulous tract (the former excretory 
portion). 

True bronchiectases are distinguished from these formations by 
the fact that they always involve more or less large areas of a bron- 
chus. The ectases usually affect many portions of many bronchi of one 
or both lungs. Cylindric-formed and sacculated ectases are 
differentiated, according to the external form of the ectatic areas. 

The development of these ectases is frequently associated with 
active processes. 

Two forms of bronchiectases may be distinguished: idiopathic and 
a secondary, which are associated with disturbances in adjacent parts. 
These are principally processes associated with cicatricial retraction; in 
order, however, for traction to thus be exerted upon the bronchi, the 
cicatricial tissue must be fixed. This is most frequently the case in par- 
tial slaty induration of the apices of the lungs, when the induration 
extends to the pleura and, at the same time, flat adhesions of the pleurni 
are present. Therefore, this secondary form (cicatricial bronchiectasis, 
atelectatic bronchiectasis) is found chiefly in the apices of the lungs. 
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In the idiopathic form there are, as a rule, alterations of the mucous 
membrane. In most cases a catarrh was at first present, which produced 
nutritive disturbances in the bronchial walls. Later it is the dilation 
which favors and sustains the catarrhal processes. As, however, the 
catarrh usually extends throughout the greater part of the bronchi, while 
only a portion of the bronchi, c.g,, in a circumscribed area of the lung, 

is ectatic, an especially favorable state must still exist in this region, of 
the nature of which little definitely is known. The partial or widely 
distributed dilation often progressively advances, the individual bron- 
chiectases continually increasing in size and the intervening lung-tissue 
d i s a p p e a r i n g by atroi)hy. This state is designated as phthisis bron- 
chiectatica. If the dilated bronchi come in contact with each other, 
confluence and large cavity formation {caverna broitcliiectatica) may 
occur. In these cases the lung-tissue suffers secondarily, while in the 
first-described form the bronchiectasis was the secondary manifestation. 

Bronchiectasis is best recognized by the disproportion between the 
lumen and the thickness of the bronchial wall. The latter is never thick- 
ened, but always thinned — strikingly thin. This is due to atrophy 
of the wall. All portions may be involved in this atrophy, especially 
the elastic portions and the muscularis. Sometimes, of course, prolifera- 
tions within the wall can be seen, which may result in new formations. 
These develop as the result of unequal traction and stretching of the 
connective-tissue parts. This acts as an irritant and causes proliferation, 
especially in the atlventitia, in the peribronchial tissue, and partly also 
in the mucous membrane. These phenomena are secondary and are 
liaralleled by proliferations of the intima and adventitia of the vessels 
in aneurism formation. 

In putrid bronchitis and in pulmonary gangrene an 
acute dilation is always observed throughout the whole extent of the 
bronchi involved in the putrid process, c.specially in the region of the 
medium-sized bronchi. This acute diffuse bronchiectasis, which quite 
uniformly affects all parts, is apparently dependent Upon relaxation of 
tonicity of the constituents of the wall. The lumen also, in comparison 
with the thickness of the wall, is too large, or the wall is strikingly thin, 
in spite of the fact that swelling of the mucous membrane and intense 
congestion of all vessels are always present. 

Chronic bronchiectasis of marked degree is always associated with 
diminution in the size of the affected lung area. 

The conditions for retention and stagnation, with the ordinary 
sequelae, are especially favorable in the dilated bronchi. Accumulation 
pyoid and also of true purulent and sometimes of caseous, inspis^ 
^ated exudate occurs, as a result of which the sacculated ectasis acquires 
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a striking resemblance to a lung-cavity produced by ulceration. Bron- 
chiectasis differs from the latter, however, by the presence of mucous 
membrane. Differentiation is impossible only when the mucous mem- 
brane is destroyed by ulceration. In doubtful cases it must be deter- 
mined whether the mucous membrane of the afferent bronchi can be 
traced into the cavity or whether constituents of the bronchial wall {c.g., 
cartilage) are demonstrable. 

Bronchiectasis sometimes develops even in fetal life, and is confined 
either to small areas or distributed over the whole lung (usually over 
both lungs). In the latter case the whole lung may be occupied by a 



Fig. 372. — Bronchiectasia multiplex congenita in a child born at the eighth 
month. Natural size. (After Langerhans.) 

system of cysts of unequal size, which often communicate, in which a 
more or less cloudy fluid and numerous cylindric epithelia are found. 
This change is probably always associated with or caused by narrowing 
of the large bronchi, and, if it is bilateral, results in death at birth, 
because respiration is impossible. 

The blood flows to the lungs in the pulmonary and bronchial arteries, which, 
in the region of the finest bronchioles and alveoli, communicate with each other by 
capillary anastomoses. Occlusion of a branch of the pulmonary artery may, there- 
fore, cause blood to be supplied to the affected vascular area by the bronchial artery. 
The pulmonary artery so divides that an artery (the lobular) finally enters each 
lobule ; this (lobular) artery supplies the whole lobulus, within which it divides into 
finer vessels and capillaries. When occlusion (e.g.y embolism) occurs in a lobular 
branch of the pulmonary artery, which, as already stated, supplies only o n c 
lobulus, the disease focus is lobular, i.e., on section it is sharply defined and poly- 
gonal. When a larger branch of the pulmonary artery is occluded, i,e., a branch 
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which is larger than the lobular branch, several lobuli are involved, each of which 
is affected in toto. The vascular area includes, therefore, e.g., two entire lobuli or 
five entire lobuli, but not two lobuli and a half! As, aside from the circulatory 
disturbances, an embolus also frequently causes inflammation (pneumonia) in con- 
sequence of the bacteria it may contain, the inflamed area may have lobular limita- 
tions (lobular pneumonia, septic pneumonia called also meta- 
static pneumonia, owing to transportation of bacteria from some part of the 
])()dy to the lungs). Bacteria, however, may enter the lung with the blood unac- 
conipanied by a large occluding thrombus. These bacteria (bacterial emlMli) enter 
various, often very small, intralobular vessels, remain fixed in these, and produce 
inflammation (likewise a metastatic pneumonia), which then is variously shaped, 
often smaller than a lobule : sublobular, intralobular. 

Embolism of the pulmonary arteries occurs in thrombosis of the 
right heart or of the veins of the greater circulation. The eflfect varies 
according to the size of the embolus. \^ery small emboli produce neither 
visible results nor injurious effects upon respiration; very large emboli 
cause sudden death by suspension of respiration (pulmonary apo- 
l)lexy). In this case the effect occurs so quickly that no histologic 
alterations can be produced. 

The conditions are otherwise in embolism of the medium-sized and 
smaller pulmonary arteries; as these are always terminal arteries, the 
blood-stream is interrupted and the region supplied by the affected 
artery, in accordance with the arterial distribution, is infarcted with 
blood in the form of a more or less distinct wedge. The same process 
may occur also in jn juries and after rupture of a vessel in consequence 
of very high blood-pressure. 

It is doubtful whether all pulmonary hemorrhagic infarcts are due to embolism. 
Perhaps thrombosis of the vessels .sometimes is the cause: thrombotic 
infarct, and it is possible that even severe congestion originating in the left 
heart may alone produce a state similar to genuine hemorrhagic infarct due to 
arterial occlusion, bji numerous hemorrhages into the lung-tissue : congestion 
infarct. 

It is generally assumed that typic hemorrhagic infarction occurs only, or 
with rare exceptions, in connection with congestion of th^ pulmonary veins or 
pulmonary capillaries, due especially to lesions of the left side of the heart. When 
occlusion of a branch of the pulmonary artery occurs in a congested lung, the 
wedge-shaped area supplied by the branch is first deprived of blood (ischemic). 
As regards*the flooding of the part with blood, Cohnheim assumed that pulmonary 
venous blood flowed backward (refluxus venosus), first filling the vessels of the 
area and then passing through the vessel walls altered by the antecedent ischemia. 
This view, however, has not been confirmed by the investigations of von Zielonko, 
bitten, and others, for it has been shown that infarction occurs also when both 
the artery and the vein are ligated. Therefore, the blood flowing into the occluded 
area can come only from adjacent pulmonary capillaries widening into collaterals, 
<^>r from collateral capillaries between branches of the pulmonary artety and bron- 
chial artery— and this view is most generally, entertained; or it comes from new- 
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formed peribronchial, subpleural, and intralobular vessels from the bronchial arteries, 

as Grawitz assumes; or it flows backward from the turgid collateral bronchial or 

peribronchial v^ins, in which the pressure is high, into the vena pulmonalis. 

Various conceptions of the process of infarction have been formed according 
as one or other possibility of blood-flow to the obstructed area is considered. The 
two most generally accepted views are : — 

1. If filling of the ischemic area by collateral capillary fluxion is as- 
sumed, the origin of the process is conceived to be as follows : The area belonging 

to the occluded artery is first rendered ischemic; in the peripheral parts partial 
stasis occurs, and in the capillaries, venules, and arteries within the infarcted area 
develop focal hyaline occlusions (thromboses). Small blood-currents are gradually 
established from the neighboring free collateral capillary area which, in consequence 
of the stasis and thrombosis, meet with impediments in the channel. The pressure 
in many capillaries is thus raised to such a degree that blood escapes through the 
thin and permeable vessel wall (von Recklinghausen). What speaks much in favor 
of this view is the fact that typic infarction occurs in connection with 
septic embolism, although no circulatory disturbances of a general nature 
(congestion) exist in the lungs. In such cases it must be assumed that the embolus 
itself produces circulatory disturbances at the point of lodgment, and probably 
less through multiple occlusion with embolic material than by production of fermen- 
tation thrombosis in the capillaries and venules which the toxic embolus induces; 
rapid collateral equalization is thus rendered impossible; the small collateral cur- 
rents, however, which flow toward the area meet everywhere within the vessels of 
the latter impediments and cause the blood so strongly to congest that it escapes 
by diapedcsin. Others believe that these septic hemorrhagic infarcts without ante- 
cedent ischemia originate as a result of injury to the capillary walls by the septic 
substances. 

2. According to another view (Koster), hemorrhagic infarction occurring 
after occlusion of a branch of the pulmonary artery in lungs congested by heart 
disease is referred to backward flow from the bronchial veins. It should 
here be emphasized that in congestion of the pulmonary veins, in addition to ectasis 
of the alveolar capillaries, the small bronchial and peribronchial veins also are 
markedly congested, as they empty their blood into the pulmonary veins. Not 
only in chronic, but also in acute, congestion (e,g., in children who die of cardiac 
insufficiency) surprisingly numerous turgid vessels are recogwizable in the peri- 
bronchial tissue, which have been mistaken for arteries (bronchial), but which, 
from their relations, can be regarded only as bronchial veins. This can readily 
be demonstrated when such a child’s lung is appropriately treated (ligation, harden- 
ing in Mtiller^s fluid to preserve the blood, horizontal section). If a branch of the 
pulmonary artery is now occluded, the pressure in the capillary area belonging 
thereto as well as in the pulmonary vein emerging therefrom is negative. What 
is more natural than that the blood from the high-tensioned bronchial 
veins should enter the empty pulmonary vein and its capillary area? This back- 
ward flow does not occur, however, until after some time, during which the vessel 
walls of the infarcted region suffer in nutrition and become permeable. The blood 
entering the capillaries by backward flow escapes by diapedesis into the alveoli, 
where it soon coagulates. So long as it remains fluid it may in part enter th- 
bronchi (hemoptysis). 

3. In a certain sense the conceptions mentioned may be united, if it is assume ! 
tiiat hemorrhagic infarction occurs as a result of circulatory disturbances 
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th6 lesser circulation* If embolism and a cardiac lesion with congestion exist, 

as ordinarily is the case, the collaterals the blood from which tends to enter the 
region meet with impediments ; these arc in part due to general congestion 
referable to the reflux established from the bronchial veins into the pulmonary 
veins or capillaries (the direction of the currents of the collaterals and of the 
latter are contrary) ; in part they arc caused by local stases and thromboses. Every- 
where in front of impediments congestion develops, which finally 
leads to diapedesis. When it is considered how slight the pressure is in the 
collaterals—at least at first—and, on the other hand, how high it is in the bronchial 
veins, it is quite conceivable that the latter preponderates and produces infarction 
by way of the pulmonary vein and capillaries. The latter assumption is not always 
necessary, but, as mentioned under 1, infarction can occur also without cyanosis 
of the lungs. For this to occur it is necessary only that numerous small 
impediments be present in the region of the affected pulmonary arterial branch. 

From this it follows that infarction may occur without embolism, 
when, for example, a substance exciting coagulation produces numerous thrombi in 
a region. These infarcts are, of course, never so sharply defined and large as 
those wedge-shaped infarctions accompanying occlusion of an arterial branch 
(Kaufmann). 

In the first stage the infarcted area is strikingly firm; in contra- 
distinction to the adjacent parts, which contract on removal of the lungs, 
it bulges above the surface and has a blackish-red, slightly moist and, 
unlike fibrinous pneumonia, smooth-cut surface. In this wedge-shaped 
area of the lung the circulation ceases and, consequently, also the nutri- 
tion. The further changes essentially depend upon whether the embolus 
contains irritating and infectious germs or not. If the embolus consists 
(inly oi constituents of the blood — coagulated fibrin, etc. — the whole 
infarct may gradually be reduced in size by retrograde metamorphosis 
and the residue become organized (see p. 90); on the other hand, if 
it contains infectious germs the sequelae essentially depend upon the 
nature of the infectious germs. Foci similar to those present in the 
locality from whicji the embolus originated usually develop. For exam- 
ple, in puerperal fever a metastatic abscess, which has a cer- 
tain resemblance to a pneumonia which is undergoing suppuration (see 
p. 501 ), develops from the infarct. 

These embolic abscesses frequently lie close beneath the 
l^leura and, therefore, arc almost always combined with a primarily 
circumscribed, fibrinopurulent, sometimes a discolored or even ichorous 
l^leuritis, which may extend over the whole pleura, and so soon as a 
dissecting purulent pneumonia starts in the surrounding 
healthy lung-tissue acquire a characteristic, sharply defined line of 
demarkation. In these embolic metastatic abscesses the affected portion 
‘'f the lung may be expectorated after rupture into a bronchus. On the 
‘>ther hand, the abscess may perforate the pleura and, when the com* 
inunication with the bronchus is free, cause pyopneumothorax. 
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In this instance entrance of air into the pleural cavity produces an 

alteration similar to what, occurs on removal of the sternum: the pres- 
sure upon the internal and external surfaces of the lung is equalized, 
and the lung-tissue tonsequently retracts. In pyopneumothorax, besides 
air, the pleural cavity always contains pus. (See p. 736.) 

In crushing of adipose tissue, bone-marrow, etc. {c.g., by fractures 
of bone, especially in comminuted and complicated fractures), eclampsia, 



Fig. 373. — Fat embolism of the lung after fracture of bonef (Zeiss Apochr., 

16; Comp. Ocul., 6. After Langerhans.) 

also in diabetes mellitus as a result of insufficient saponification of the 
fat taken up by the blood, and in marked congestion due to valvular 
lesions of the heart, fat-embolism occurs in the lungs, brain, and 
kidneys (glomeruli). When a sufficiently large portion of the diameter 
of all pulmonary vessels is occluded, fat-embolism of the lungs some- 
times results in death, which, as a rule, occurs quite slowly. The lil>- 
erated fat-droplets are extremely yielding and pliant, and penetrate t'> 
the capillary area; here they usually are arrested and form sausago- 
shaped and sometimes dendritic figures. If only a portion of a lung 
is markedly affected, the region is intensely hyperemic and darker in 
color than the remaining aerated parts. 
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The blood in the pulmonary vessels manifests a very slight disposi- 

tion spontaneously to coagulate. Thromboses are observed only 
in connection with affections of the surrounding lung-tissue, especially 
ulcerative processes. These are secondary thrombi following inflam- 
mation of the vessel wall. (Compare Tuberculosis.) 

Pulmonary gangrene {gangreena pidmotium) is a putrid process, 
characterized by a peculiar, sweetish, pungent, repulsive odor, which is 
either sharply circumscribed from the beginning or progresses without 
definite limits (diffuse), and then always manifests a tendency to 
spread. The involved portions of the lung are soft, flabby, grayish 
green in color; loosened in consistency, they disintegrate, without sup- 



Fig. 374. — Fat-crystal needles, a, and rosettes, h, and masses of cocci, c, X 350. 

puration, with the formation of fatty acids, to which, in part, the char- 
acteristic fetid, stinking nature of the process is to be attributed. In 
the foul expectoration are found constituents of the lung, especially 
clastic fibers, fatty acid crystals, etc. In proportion as the putrid 
material is expectorated, healing may take place by limitation of 
the pulmonary gangrene by dissecting purulent pneumonia, a cavity 
developing ^which gradually diminishes by shrinkage of the neighboring, 
partly new-formed tissue. In such a cavity nothing indicating its origin 
ean later be noted. In diffuse gangrene the process, when arrest and 
<icmarkation do not occur, extends even to the pleura, and finally ter- 
Jmuates in death under severe general septic phenomena. 

The cause of the putrid disintegration resides in especial infectious 
‘^iihstances, undergoing decomposition or digestion, which enter the lungs 
from without. The routes by which they may enter are, first, the natural 
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channels by which substances from without enter the lungs, namely, the 

bronchi and the blood- and lymph- vessels, and, second, newly developed 
routes associated with separation of continuity of the pleura, especially 
penetrating wounds and ulcerations. Gangrene is thus produced in putrid 
bronchitis; aspiration of particles of food, especially in the insane and 
paralytics; in destruction of the epiglottis by syphilis) and of the 

aryepiglottic ligaments; in abdominal communication between the digest- 

ive and respiratory tracts; in esophagotracheal fistulse {e.g., from cancer- 
ous ulceration ) ; further, in aspiration of gastric contents — ^vomited mat- 
ters — in greatly debilitated individuals and in chloroform or ether 
narcosis; finally, also in aspiration of gangrenous particles derived from 
gangrenous foci in the oral cavity {e.g., in scorbutus), pharynx, larynx, 
etc. These gangrenous processes of the pharynx are closely related to the 



Fig. 375. — Fat-crystal rosette. 


diphtheritic processes and constitute the transition stage between diph- 
theria and gangrenous phlegmon. This, therefore, is a kind of artificial 
inoculation through the agency of respiratory movements, and ma} 
easily result in the formation of multiple foci. 

All substances which reach the lungs by way of the vascular system 
and produce gangrene enter the circulation from other regions of the 
body, and manifest their deleterious effects in the lungs. These arc, 
therefore, metastatic foci, usually of embolic nature. The gan- 
grene developing from embolic processes is almost always circumscribed, 
only the infarcted, usually lobular area becoming hepatized or gangrenous. 

Besides penetrating wounds, indirect trauma of the lungs from 
comminuted fractures of the ribs may be the cause of gangrene. 

Putrid bronchitis is an acute inflammation of the mucous mem 
brane, accompanied by catarrh and decomposition of the catarrhal seert - 
tion within the bronchi, which may occur in connection with gangrcm‘ 
of the lung or idiopathicly as an independent affection. The bronchi.d 
tree of one lung or, when both sides are affected, of both lungs is always 
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involved. Aside from the characteristic putrid odor, this inflammation 

is distinguished from others by the enormous vascular congestion (dark- 
red mucous membrane) and the acute dilation of all portions of the bron- 
chial tree, principally, however, of the medium-sized and smaller bronchi. 
As in pulmonary gangrene, fatty acid crystals are found in the putrid 
sputum. 

The inflammatory alterations of the pleurae progress only 
to a slight degree within the substance of the pleura itself. They are 



Fig. 376. — Fo'ial metastatic hematogenous streptococcus pneumonia fol- 
lowing angina, a, pneumonic focus with streptococci (blue inflamed surround- 
ing tissue). X 80. (After Ziegler,) 

chiefly associated with elaboration of a free exudate. The pleura is 
characterized by an especial ability to produce fibrin. This is found 
cither in a quite pure state or mixed with watery, hemorrhagic or puru- 
lent material.^ Collections of pure, clear, watery fluid (see p. 96) 
without any admixture originate in general dropsy (anasarca) due to 

^ Any serous pleurisy which cannot be accounted for is almost always 
dependent upon tuberculosis. 

Pneumonia is said to be the most frequent cause of serous pleurisy. Acute 
'irticular rheumatism comes next, then the eruptive fevers, typhoid, influenza, and 
whooping-cough; observed also in septicemia, pyemia, and even in gonorrhea. In 
jdl such cases it may be assumed that the effusion is caused by a pulmonary lesion 
LOO small to detect or masked by the pleural lesion. 
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congestions: hydrothorax. Inflammatory phenomena are lacking 

here ; the surface of the pleura is smooth, moist, refractive, and glisten- 
ing. A small quantity of fluid is so frequently found that it can scarcely 
be regarded as a pathologic phenomenon. This slight amount of fluid 

is probably exuded during the agony. 

So-called hydrothorax lymphaticus is the transition stage to the in- 
flammatory changes ; in this condition the exudate resembles lymph and, 
like the latter, forms soft, gelatinoid coagula after death, on contact with 
atmospheric air. 

The appearance of the surface of the pleura is characteristic for the 
true exudative inflammations. It loses its moist, glistening character and 
becomes roughened, cloudy, or perfectly dry. Often nothing more is 
to be noted than this peculiar dryness, which cannot be made entirely 
to disappear by stroking or even scraping with the knife. This plcuritis 
sicca is met in inflammatory changes in neighboring parts, not only of 
the lungs, but also of the peritoneum, pericardium, etc. When sufficient 
fibrin is separated to form a distinct and easily recognizable pseudo- 
membrane or an accumulation of loose, pale-gray-yellow, gelatinoid or 
thread-like flakes of fibrin, peculiar and often very regular wavy lines, 
which, over the low^er lobe, generally run parallel to the sharp border of 
the lung, develop in consequence of friction between both pleural sur- 
faces. The more fluid is exuded with the fibrin, the more the respiration 
is embarrassed; in very large exudates the lungs may finally become 
completely compressed and atelectatic. The mixed, watery-fibrinous 
exudates correspond to the so-called idiopathic form of pleuritis, and 
occasionally develop in connection with a ^‘cold.” 

In very violent inflammatory irritations, besides the fibrinous exu- 
date, blood is present, and sometimes it is so abundant that the whole 
mass appears to consist almost entirely of blood. The exudate then 
acquires a certain resemblance to that in hematd^horax, in which, 
however, inflammatory phenomena are lacking. Hemorrhagic pleurisy, 
when not due to neoplasms, is frequently tubercular; occasionally ob- 
served in fibrinous pneumonia and bronchopneumonia. Hemothorax con- 
sists of an extravasation of blood into the pleural cavity; the cause is 
either trauma, rupture of an aneurism (usually of the aorta), or hemor- 
rhagic diathesis. (See p. 62 .) 

In scorbutus the surface of the pleura usually presents the appear- 
ance of inflammation. Hemorrhagic pleuritis most frequently develops 
in carcinoma (particularly metastatic) of the pleura, Hess frequently 
tuberculosis, severe septic processes, etc. 

The exudate of purulent pleuritis, or empyema, is generally 
not pure pus, but pus and fibrin. The pleura is infiltrated with round- 
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celled proliferation, thickened, rough upon the surface, and strongly 

clouded. The fibrinopurulent exudate is loosely attached to the surface 
in the form of large flakes. The flakes are softer and decidedly looser 

in Structure than pure fibrin, and are markedly cloudy. If the exudate 
is very abundant, empyema may cause complete compression of the lung. 
If old adhesions exist, wliich is not very rare in empyema, these are 
stretched and, together with the immediately adjacent atelectatic lung- 
tissue, drawn out in the form of long, slender cords. If large surfaces 
grow together, there may form between the adhesions sacculated pus- 
cavities in which gas or air subsequently may accumulate. (See Pneu- 
mothorax, p. 730.) Empyema generally develops from fibrinous pleuri- 
tis, but sometimes originates after fibrinous pleuropneumonia, most 
frequently in connection with caseous, purulent, and gangrenous affec- 
tions of the lungs, rarer after phlegmonous processes in the remaining 
adjacent structures. In sepsis (puerperal fever) and gangrenous proc- 
esses in the lungs, the pleuritic exudate may assume a putrid character. 

When the pleuritic exudate is so large as almost wholly or entirely 
to compress one lung, intense collateral hyperemia of the other lung 
develops and frequently also fatal pulmonary edema, especially if the 
exudate rapidly increases. If death does not occur and the inflammation 
subsides, the pleurae usually become adherent and later grow together to 
a greater or less extent, the fluid constituents of the exudate being ab- 
sorbed and the fibrin residue organized. Adhesions of the pleurae are 
more frequent and visually flat in the upper portions of the lungs, where 
the movements are less, while over the lower portions the adhesions, 
owing to the greater excursions of the lungs, soon become stretched, 
and finally drawn out into long cords. These cord-like adhe- 
sions may contain vessels and nerves. The new-formed vessels are 
of great importance in progressing destruction of the lung-parenchyma 
(by phthisical processes) in so far as they lead to communication with 
the intercostal arteries and unload the pulmonary circulation. The 
black lung-pigment in alveolar emphysema is carried dff from the lungs 
by the new-formed lymph-vessels present in these adhesions, avoiding 
the bronchial glands, and deposited in other organs, particularly the liver 
and spleen. (See Pigment Metastases, p. 93.) 

The pleuritic process generally terminates with complete organiza- 
tion of the exudate. The disturbances produced by the adhesions depend, 
first, upon the size and, second, upon the extensibility and pliancy of 
tbe adhesions. In complete obliteration of the pleural cavity the ex- 
pansibility of the affected lung is decidedly diminished. 

Sometimes the pleuritis does not terminate completely with the 
formation of adhesions, and new inflammatory processes accompanied by 
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proliferation and exudation which gradually result in the formation of 

adhesions constantly increasing in thickness occur within the adhesions. 
These adhesions may be several centimeters thick, extraordinarily firm, 
hard, and cartilaginous in consistency; they are always associated with 
retraction, so that the lung is gradually reduced in volume. When these 
adhesions begin in early life, before growth is ended, the retraction causes 
flattening of the affected half of the chest, and, finally, also curvature 
(scoliosis) of the spinal column. These recurrent pleuritides, especially 
when they are situated at the base or near the lower sharp border of the 
lung, very frequently cause shortening of the base or overlapping of 
the lower sharp border downward or upward : pleuritis deformans. Very 
marked deformities and distortions sometimes result. 

By pneumothorax is understood the entrance of air into the pleural 
cavity. It may be general or sacculated. In the general form the 
tension of the air in the pleural cavity is always so marked that 
the intercostal spaces are obliterated, the diaphragm arched down- 
ward toward the abdomen, and on opening of the pleural cavity the 
air escapes with a hissing sound, and, on opening under water, with 
the formation of bubbles. The lungs retract toward the hilus in pneumo- 
thorax. The air in the lungs is gradually absorbed by the blood and 
finally disappears. Therefore, even when pneumothorax has existed for 
only a short time the lung is found at the hilus as a completely collapsed, 
entirely or almost entirely airless, flabby body. Pneumothorax develops 
as a result of trauma of the thorax (most frequency in penetrating 
wounds) and of perforation of the pleura pulmonalis from the lung 
outward in caseous, purulent, or gangrenous processes which extend to 
the pleura ; seldom from emphysema of the mediastinum or of the hilus 
of the lung or from perforation of an empyema into the lung. The 
perforation opening is usually very small, especially in perforation- from 
the lung outward, and is often demonstrable only with great difficulty, 
best by pouring water over the oj^ening and then compressing the lung 
A pyopneumothorax generally soon develops from pneumothorax as a 
result of entrance (with air) into the pleural cavity of substances which 
excite a violent purulent inflammation. 

Primary tumors usually develop from the air passages. Carcinoma 
rarely originates from the true lung-parenchyma, and endotheliomata 
very rarely from the pleura. Among the primary tumors, carcinoma 
most frequent. It develops with especial predilection in the larynx (in 
the region of the vocal cords, especially epithelioma). Most so-calle'l 
primary pulmonary carcinomata start from the bronchi. Among them 
squamous-celled carcinoma (epithelioma) is remarkably frequent, al- 
though the bronchi are provided with ciliated cylindric epithelia. It 
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assumed that transformation of cylindric into squamous epithelium 
occurs before the development of these carcinomata. 

Metastatic carcinoma of the lungs proper is more frequent than 
primary carcinoma. It involves chiefly the lympli-channels of the lung 
and pleura (in primary carcinoma of the breast, the uterus, etc.), and, 
therefore, appears principally in the true connective tissue, forming 
either more or less large nodules or, e.g,, in the pleura and in the peri- 
bronchial and interlobular connective tissue, filling only the lymph-vessels 
with carcinoma-cells. Secondary carcinoma of the trachea develops as 
the result of extension of carcinoma of the esophagus or thyroid to the 
trachea. 

In the pleura, carcinoma, especially secondary carcinoma, very fre- 
quently progresses under the form of hemorrhagic pleuritis. 

Sarcomata of the respiratory organs are rare and almost always 
metastatic. Most frequently the metastases are nielanosarcomata. 

Osteomata are rare in the lungs. They should not be mistaken for 
pulmonary calculi (see j). 140) or for lime metastases occurring after 
absorption of large masses of bone. (See p. 94.) 

Chondromata are somewhat more frequent. Primary chondromata 
start from the cartilage of the air passages. The lungs appear to be a 
point of predilection for secorttlary chondromata or mixed tumors con- 
taining cartilage. 

Papilloma, papillary epithelioma, or fibroma, which develops either 
spontaneously or as# the result of chronic inflammatory processes, is of 
frequent occurrence in the larynx, particularly upon the vocal cords. It 
may involve a large area and cause considerable embarrassment of 
respiration. 

Polypi of the mucous membrane (vascular hyperplasia), aside from 
the rare papillary bronchitis, occur almost solely in the nose, where they 
are frequently multiple and manifest a great disposition to recur. These 
nasal polypi are very common, favor catarrhal affections, cause epistaxis, 
and may almost completely fill the nasal cavities and even the naso- 
pharynx. They very rarely develop into true malignant tumors (sar- 
coma). Carcinomata (epitheliomata) of the nasal mucosa also are 
infrequent., 

Cysticerci are rare, echinococci somewhat more frequent, and dis- 
tomum very rare. 

THYROID GLAND. 

The thyroid gland consist.s of two lateral lobes, which are usually 
united by a small bridge: the so-called isthmus. From this extends, 
^Tward the processus pyramidalis. The thyroid gland has a distinctly 

47 
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lobulated structure, larger and smaller lobuli held tc^ether by connective* 

tissue septa. The smallest lobuli are branched and vesicular follicles 
which are surrounded by connective tissue containing very numerous and 
very wide vessels. 

The thyroid gland contains a substance which, when injected intravenously 
into dogs (a) lowers blood-pressure and (6) increases the pulse rate. The first 
phenomenon is due to direct weakening of the heart and vasodilation; the latter, 
aside from direct action upon the heart, principally to irritation of the n, accelerans 
in the medulla oblongata. In rabbits acceleration of the pulse is sometimes pre- 
ceded by retardation, which soon subsides. This difference is explained by the 
greater sensitiveness of the cardiovascular nervous apparatus of the rabbit. 





Fig. 377. — Section of the thyroid gland of a child. Two complete vesicles 
and portion of others are represented. The vesicles are filled with colloid, 
which also occupies the interstitial spaces. In the middle of one of the sp^jces 
a blood-vessel is seen cut obliquely, and close to it is a plasma-cell. Between 
the cubic epithelium-cells smaller cells like lymph-corpuscles arc here and 
there seen. (After Schaefer,) 

« 

Synchronous injection of small doses of alcohol suspends the thyroidal depression 
and acceleration; large doses of alcohol increase the depressor action of the thyroid, 
but suspend the thyroidal irritation of the n, accelerans through irritation of the 
vagus. 

The most frequent affection of the thyroid gland is goiter, 
struma, or bronchocele. By these terms is not undersltood every 
enlargement of the gland, c,g,, not the swelling caused by malignant 
tumors or pus, but the enlargement resulting from local or general hyper- 
plasia or hypertrophy of one or more constituents. 

In the growth the follicles — ^the parenchyma — as well as the inter- 
stitial tissue and the vessels, may be especially involved. Accordingly! 
three principal forms are distinguished - 
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1 . StrufM, folliculans hyperplastica (parenchymatosa). 

2. Struma fibrosa. 

3. Struma vasculosa. 

In follicular struma the follicle cells increase either uniformly or, 
what is more frequent, only at certain points, forming solid papillae, 
which swell and from which new papillae develop, w^hich branch more 
and more. This is the simplest form of goiter formation. The uniform 
enlargements have a soft, almost fluctuating consistency and a quite 
smooth, red surface. If individual lobes or lobuli are the seat of pro- 
liferation, the organ acquires a lobulated, nodular, knobby character. 
The interstitial tissue also may increase and cause constriction of indi- 
vidual lobuli. On the other hand, displaced germs of the thyroid also 
proliferate and result in so-called struma accessoria. 

In fibrous struma the follicles also are always or have been actively 
involved. These are usually chronic cases in which the connective-tissue 
proliferations are secondary. Nevertheless, the two forms are to be 
differentiated, because follicular struma, even after long duration, mani- 
fests only a slight disposition to increase of the connective tissue ; fibrous 
struma, on the other hand, is characterized by early proliferation of the 
connective tissue, which markedly increases and is very firm. This 
induration generally progresses irregularly, so that in certain localities 
the follicles atrophy more and more and finally disappear, while at other 
points they may still continue to grow. With further progress the prolif- 
erated interstitial tissue generally gradually undergoes induration, is 
almost nonvascular, and, finally, is converted by progressive sclerosis into 
a cartilage-like mass. This form of struma is pronouncedly nodular and 
lobulated. 

The vascularity of the thyroid under normal conditions is very 
great. To this is due the swelling of the organ during menstruation and 
pregnancy. More permanent swellings sometimes occur also under other 
conditions as a result of dilation of the vessels, particularly the veins. 
In contradistinction to this, genuine vascular struma' consists in prolif- 
eration of the follicle cells with especially marked proliferation of the 
vessels. Here a struma aneurysmatica and a struma varicosa Site dis- 
tinguished^ according as the arteries or veins are more markedly devel- 
<^ped. In ancurismatic struma the arteries are uniformly dilated, strongly 
tortuous, often corkscrew-like; the walls are frequently thickened as a 
result of the proliferative processes. As a rule, the smaller vessels are 
tinaltered; the larger vessels, however, are greatly dilated. In varicose 
^^truma not only the large veins are dilated, but the medium-sized and 
smaller veins within the gland and nodules are also dilated in saccular 
iind wreath-like form. 
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In hyperplastic follicular struma {struma follicularis hyperplostica), 
cystic goiter, colloid masses are frequently formed after long 
duration. These are homogeneous or granular, tenacious, easily 
compressible masses which are partly or wholly soluble in water. These 
soluble and insoluble substances are albuminous bodies rich in sodium 
and sodium chloride; they develop on contact of certain homogeneous 
masses of the hyperplastic follicle cells with the adhesive fluid, rich in 
salts, present in the follicles.^ The homogeneous masses of the follicle 
cells, which are usually granular, occur either as small, clear foci within 
the body of the cell or entirely fill the cell-body, so that the latter appears 
clear and transparent. Tt is, therefore, a clear, bright substance — an 
albuminous body soluble in water — which, after a time, exudes from 
the cells or is liberated by disintegration of the cell. Hence, the colloid 
masses are concretions. 

The greater the amount of colloid material formed in follicular 
struma, the larger the follicles become and the more the interstitial tissue 
is atrophied by pressure. Consequently, the follicles gradually coalesce 
and produce cysts. Later, the colloid material may be transformed by 
softening into a richly albuminous fluid. In this fluid, particularly in the 
varicose forms, partly si)ontaneous, ])artly traumatic hemorrhages fre- 
quently occur, as a result of which the contents of the cysts acquire a 
yellowish or brownish color. The cells still present die by fatty meta- 
morphosis; cholestcrin separates from the fat. 

Cystic degeneration occurs also when little or no colloid material is 
formed, as a result of atrophy of the interstitial tissue and disintegration 
of the follicle cells by fatty metamorphosis. 

On long duration of goiter, lime-salts are deposited in the connective 
tissue and sometimes even in the vessels. In struma fibrosa calcification 
of the sclerotic and cartilage-like tissue occurs quite^ early and results 
in a kind of ossification, the calcification becoming very dense, uniform, 
hyaline and irregular, serrated cells, resembling bone-corpuscles, be- 
coming manifest within it. 

The active formative process occurring in the formation of struma 
may become inflammatory by intercurrence of an inflammatory irritant. 
This involves the interstitial tissue and may terminate in chrpnic inter- 
stitial or acute purulent inflammation and abscess formation. The most 
frequent causative factor is trauma or therapeutic intervention; some- 
times the cause is unknown. 

The effects produced upon adjacent structures by struma depend 
partly upon the size of the tumor, partly upon the nature of the muscu- 

^Hcre is usually found also calcium oxalate: octahedra and crystals with 
octahedral ends. 



THYROID GLAND. 


741 


lature covering it. If the musculature atrophies and dies from fatty 
metamorphosis, the possibility of outward extension of the struma is 
greater. If, on the other hand, the musculature is intact and strong, 
the struma more strongly compresses the trachea, esophagus, vessels, 
and nerves. In consequence of this, disturbances of circula- 
tion, innervation, respiration, and deglutition may 
occur. If goiter is unilateral, the trachea is dislocated, bent, and partly 
also laterally compressed ; if both lobes are involved, marked lateral com- 



Fig. 378. — Basedow's disease. (.Xfter Bccif,) 


pression frequently develops, whereby the lumen of the trachea acquires 
the form of a prism or saber-scabbard. Stenosis of the trachea, 
due to pressure, usually develops slowly, sometimes acutely with 
manifestations of suffocation, c.g,, in the aneiirismatic forms. 

A goiter which develops behind the sternum presses the trachea 
against the spinal column, so thafc^ disturbances of respira- 
tion and deglutition may occur without any external evidence 
goiter. Sometimes the thyroid is situated so high that the struma 
lies behind the angle of the jaw. This is one of the most importanf 
forms of congenital struma (struma congenita). ^ 
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Struma cystica may come so near to a surface after atrophy of the 
wall and of the surrounding tissue that it occasionally bursts and empties 
its contents into the trachea, pharynx, or esophagus, seldom externally. 

From an etiologic standpoint it is to be emphasized that females are 
more disposed to goiter than males, and that the affection most fre- 
quently begins in youth. Strunla is not infrequently congenital (richly 
vascular strumas without colloid material or cyst formation). 

A very important fact is that goiter occurs principally endem- 
icly, much more rarely sporadicly. Nothing positive is known 
regarding the etiology of sporadic goiter; probably it is a 
primary developmental anomaly. Endemic goiter is said to be due 
to drinking-water.^ Hence, not only the natives (and animals) in goiter 
regions, but also individuals who take up residence in these localities, are 
affected. It is not impossible that vegetable organisms are the cause of 
the affection. 

The relation of goiter to cretinism is remarkable. En- 
demic cretinism occurs only in goiter districts and always 
in the central parts of them. Cretins usually have goiter, but there is 
no definite relation between the size of the goiter and the cretinic dis- 
turbance ; indeed, in cretins the goiters may be very small. Probably the 
same influences which cause goiter, acting at an early stage during the 
embryonic period of development, may cause cretinism.^ 

Struma exophthalmica, Graves’s disease, first actually described by 
Basedow*^ (Merseburg, 1840), consists in the combination of ex- 
ophthalmos, cardiac hypertrophy (increased pulse), and 
struma. The heart is dilated and hypertrophied, especially the left 
ventricle, although the valves are healthy. The exophthalmos is 
caused by intense hyperemia of the adipose tissue of the orbits, anti, 
therefore, it disappears readily after death. Somedmes the adipose 
tissue is hypertrophied. The ocular muscles always suffer after 
long duration and degenerate by fatty metamorphosis. The enlargement 
of the thyroid gland is supposedly a secondary phenomenon. The whole 

1 Wien. klin. Woch., 1912, No. 25, p. 82. 

2 That cretinism is a transmissible infectious disease is asserted by A. Kutschera 
(IVicn. klin, Woch,, No. 45, 1910). He found two cretin dogs which had shared 
the bed of their mistress, a semicretin. One dog was completely idiotic, could n<>t 
bark, reacted to nothing; had dry, brittle, dirty, wooly hair, and milk teeth aloi*.? 
with the permanent. After removal of both animals the author placed with the cref u 
a healthy 4-month-old pup of healthy parents, the rest of whose Utter subsequently 
remained normal in every respect. After three months the dog had a large he id 
(neck 27 cm.) ; after thirteen months it had become a complete cretin. A secoi d 
animal of large race, which, therefore, could not occupy the bed with the cret n, 
developed normally, while three animals reared in bed became cretins. Intima te 
qgtitact, therefore, according to Kutschera, facilitates transmission. 

B Named by Trousseau after Graves, who first recognized it in 183S. 
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symptom-complex probably has a nervous origin, although thus far no 
definite changes have been found in either the sympathetic or other 
nerves.^ Struma ophthalmica occurs sporadicly, principally in females 
during puberty and in the puerperium. 

While, according to Claud Bernard, the characteristic symptoms of the affec- 
tion, namely, dilation of the palpebral fissure and of the pupils, exophthalmos, fre- 
quency of the pulse, cardiac palpitation, and struma, are due solely to irritation of 
the cervical sympathetic, Eulenberg and Oppenheim maintain that they owe their 
origin not only to irritation, but also to paralysis, of this nerve. In 1864, Gros 
suggested that Basedow^s disease was a vagus affection : the cardiac branch of the 
vagus and the jugular veins were compressed by the swollen gland; the pressure 
upon the vagus caused the rapid pulse, ^ tachycardia, and dilation of the vessels, 
while pressure upon the veins (venous congestion) caused the exophthalmos. In 
1887, Moebius advanced the theory that Basedow’s disease is due not only to 
excessive, but also to defective, secretion of the thyroid, which acts principally upon 
the sympathetic system. The animal experiments of Landsirom and of Payr and 
the recent brilliant results of Kocher have confirmed the views of Moebius. In 
every case of Basedow’s disease Kocher was able to demonstrate alterations of the 
thyroid gland, an increase of the secretion, and a higher iodine content in the 
secreted fluid. He was able also experimentally to produce Basedow’s disease in 
animals by injecting the expressed juice of the gland, or even the gland alone or 
combined with iodine. The unfavorable action of iodine in Basedow’s disease is thus 
explained. In the majority of cases Kocher was able to show the etiologic factor 
to be violent mental and psychic disturbances, infectious diseases, and iodine therapy 
in existing struma. 

Breuer has shown that in many cases of goiter symptoms of Basedow’s disease 
may be induced by iodme treatment (iodine-Basedow’s). In these forms iodine ad- 
ministration should, according to Kocher, be sedulously avoided, Basedow’s disease 
may be induced also through administration of thyroid tablets; even in patients 
without paliiable goiter, especially in the obese, ^ iodine administration may some- 
times produce severe so-called hyperthyroidism, which often is manifested by uncon- 
trollable diarrhea, rapid emaciation, and fever. 

In opposition t(j the Moebius-Kocher theory of hyper- and dys- thyroi4ism 
stands that of v. Cyon and Blum, according to which the thyroid is a detoxicating 
organ. If the gland cannot neutralize the toxic substances originating in the 
hofly, Basedow’s disease develops. The chief detoxicating agent is, accord- 
ing to Blum, the iodine contained in the gland. lodinc-Basedow’s, and especially the 
operative results, apparently controvert this theory. 

1 According to Meoni {Riv, crit. di Clin, med., No. 43, 1910; Ref,, Forischritte 
(jer Medisifr, JNo. 6, 1911, p. 137), Silvestrini reported, in 1903 and 1907, 3 cases of 
Basedow’s disease which were preceded by pleuritis, and concluded that the 
I neuritis injured the sympathetic nerve and thus caused the Basedow’s. In one 
these cases Meoni made an exact microscopic study and found a typic neuritis 
oi the sympathetic. In another case observed by Meoni and in 3 cases found by 

in the literature, and also in a case discovered in the histories of Basedow 
b<itients in the medical clinic at Rome, the disease was preceded by pleuritis. If 
^ f “^'flings are confirmed they will offer weighty support of the nervous theory 
Basedow’s disease. 

^ the disease is established, the pulse may be from 140 to 160 a minute. 

In obese diabetic subjects iodine therapy may be injurious. 
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The theory of the etiology of Basedow's disease now quite generally accepted 
is the thyrcogenic, that the affection is an autointoxication caused by the enor- 
mously increased activity of the thyroid gland with secretion of a toxic substance 
called thyreoproteid. Although some authors assume a neurologic origin 
in certain cases, the multiform symptom-complex of Basedow’s disease is most 
satisfactorily explained by the assumption of a toxin which exerts a damaging 
influence upon all parts of the organism. Thus, a great part of the pathologic 
phenomena, such as tachycardia, alteration of the pulse and blood-pressure, the 
vasomotor symptoms, the respiratory and metabolic disturbances and especially the 
gastrointestinal affections (gastralgia, diarrhea, etc.), may be assumed to be 
directly caused by the thyreoproteid. Furthermore, as the thyroid gland mu.st be 
regarded as an organ with an internal secretion which is necessary for the 
preservation of the organism and the performance of function of certain definite 
organs, and also as a detoxicating organ, in that certain substances of the gland 
are supposed to neutralize injurious metabolic products or exogenous toxic com- 
pounds (whereby the iodine content of the gland probably plays a certain role), it is 
comprehensible that not only in increase, but also in absence, of thyroid function 
disturbances in the organism likewise occur which, as is known, find their expres- 
sion in the thyreopriva affections (myxedema or cachexia thyreopriva), which can 
be produced also experimentally by thyroidectomy. Accordingly, myxedema and 
Basedow’s disease are opposite affections which result from lack or increase of 
thyroid gland function. Upon this knowledge has been established the thyreodin 
and rodagen therapy, serum or milk of myxedematous or thyroidectomized animals 
being injected into Basedow’s patients in order to neutralize the excess of the 
thyroid secretion. Other sera, in the place of neutralization, have resulted from 
the idea of immunization, in that they are not derived from thyroidectomized 
animals, but from animals immunized to hyperthyroidism : e.g., the cytotoxic serum 
of Rogers and Beebe. 

Recent investigations from Kocher’s clinic^ have shown alteration of the 
blood in this affection, which, according to Kocher, is due to the increased and 
defective secretion of the gland. The small lymphocytes and large mononuclear 
leucocytes, sometimes also the eosinophilic cells, are increased, while the poly- 
morphonuclear neutrophilic cells arc diminished in number.2 This finding, desig- 
nated by Kocher as “toxic reaction,’’ renders diagnosis possible in cases in which 
the characteristic clinic symptoms are lacking (forme fruste of Basedow). 

Goiter may persist for years without symptoms. For example, it may appear 
during the first pregnancy and disappear after parturition ; in subsequent preg- 
nancies, however, it gradually increases and symptoms of Basedow’s (palpitation, 
tremor, exophthalmos, etc.) become manifest. Basedow’s disease may occur with- 
out goiter, and in rare cases the disease may pass into myxedema. The gland, how- 
ever, may be diseased without enlargement. 

Assuming that Basedow’s disease is due to defective and increased secretion 
of the thyroid, the treatment can be operative only. According to Kocher, the 
mortality is 3.1 per cent., and unsuccessful operative results are due to removal of 
too little of the gland. 


1 Saengcr and Sudek, “Ueber den Morbus Basedowii,” Munch, med. Woch., 
No. 16, p. 833, 1911. 

2 The total number of leucocytes is diminished, the polynuclcars reduced to 
about one-half, and the lymphocytes increased tp double the normal percentage. 
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There is also a simple primary, acute inflammation of 
the thyroid without antecedent formation of struma; this, however, is 
a much rarer process and occurs after a trauma, as a result of metastases, 
etc. The acute inflammation may terminate in suppuration and abscess 
formation or in induration with atrophy.^ The condition here is essen- 
tially an interstitial process. A purulent process — a parathyroidi- 
t i s 2 — sometimes develops between the trachea and thyroid. This, like 
struma pcrforans, may rupture into the trachea. 

The thyroid generally atrophies somewhat in advanced age. Atrophy 
is artificially produced by internal administration of iodine. 

Amyloid degeneration of the thyroid begins with affection of the 
small vessels. Amyloid degeneration is frequently associated with an 
already existing struma; sometimes the amyloid parts form small, iso- 
lated tumor-nodules of waxy character. These generally consist of a 
plexus of intensely thickened vessels. 

Primary carcinomata and sarcomata occur in the thyroid. 
If struma pre-existed, this condition also is designated as struma carci- 
nomatosa s. sarcomatosa. Here it is always a question of heterologous 
and not of simple hyperplastic formations. Metastases, particularly 
carcinoma metastases, are more frequent than primary tumors. 

Occasionally metastases of other organs, particularly of the bones, 
originate from a struma without any visible evidence of change in the 
tissue, i.e,, without any deviation in the sense of carcinoma, so that 
apparently not onlythe metastases, but the thyroid itself, present exactly 
the structure of ordinary parenchymatous or colloid struma. Sometimes, 
however, a part which shows a more marked proliferation, forming in 
a measure a circumscribed tumor, can be seen in struma thyreoidea, so 
that it may be justifiable to assume that the metastases originated from this 
part. This pheno;nenon is closely related to the pure forms of adeno- 
mata (see p. 307), for, here also, in the thyroid the question is one of 
a part which, for unknown reasons, suddenly begins to grow and, without 
deviating from the normal, produces metastases in distant organs. In 
this regard, it is of interest to know that the product of the follicles of 
the thyroid constantly enters the circulating blood. If thereby cells pos- 
sessing the ability rapidly to grow enter the blood, these may be arrested 
somewhere — ^perhaps after the manner of emboli — and by proliferation 
produce metastatic foci: a proof that malignant tumors may develop 
from cells displaced (transplanted) from noncancerous degenerated parts. 

1011 to anatomic investigations (J. Bauer, Monatsschr. /. Kinderhlk,, 

I ^11, Bd. 9, No. 10, p. 560), alterations of the thyroid, in the form of hyperemia and 
jypersccretion of the colloid, are very frequent in scarlatina. Inflamitiatory con- 
utions, however, are rare in this affection. 

“ Not to be mistaken for inflammation of the parathyroid. 
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The parathyroid glands (Sandstrom, 1880) are small^ rust-brown 
or yellow, flat or kidney-shaped, imperfectly lobulated epithelial structures, 
from 3 to 15 mm, in length, situated posterior to or in the region of the 
lower border of the lateral lobes of the thyroid, rarer deeper. Usually 
there are two on each side, loosely connected with the thyroid ; occasion- 
ally they are observed inside the capsule or even in the parenchyma of 
the thyroid. Numerous accessory glands also occur. The cells of the 
gland, which are polygonal, quite large, and have a slightly granular cyto- 
plasm, are arranged either in groups or trabeculae, between which pass 
large capillary blood-vessels. Occasionally the glands contain follicles 
filled with colloid material, which has suggested their origin from the 
thyroid. 

According to Grosser and Betke,^ extirpation of these glands in ani- 
mals causes severe and usually fatal tetany, which is the more marked the 
younger the animals. Iselin found that young rats are more susceptible 
to the effects of parathyroidectomy than old rats, the former dying from 
tetany within two days, while the latter live on an average for fifty-four 
days. The susceptibility is still more marked in the offspring of para- 
thyroidectomized rats, in which death occurs in convulsions within four 
hours after extirpation of the parathyroids. 

That the parathyroids are of vital importance also in the human sub- 
ject has been shown by effects produced by strumectomy. Erdheim first 
called attention to the fact that tetany occurring after oi>erations for 
goiter is not due to the extirpation of the thyroid, but to removal of the 
parathyroids. This has been substantiated not only by necropsy upon 
subjects dead of postoperati\^ tetany, but by cure of postoperative tetany 
by subcutaneous transplantation of parathyroid tissue. Pathologic changes 
in these organs, especially hemorrhages, are by many regarded as the 
cause of tetany and of some cases of sudden death in children. Grosser 
and Betke- state that, in every case of unexplained sudden death in chil- 
dren in whom necropsy reveals in the parathyroid tissue destructive 
changes involving the greater portion of the gland, this destruction may 
be regarded as the cause of death. 

According to V. Pexa,*^ infantile tetany is a member of a group of 
pathologic states to which belong also asthma thymicum and eclampsia. All 
members of this group are correlated by the fact that they all have as a 
common basis the same constitutional anomaly, namely, the spasmophilc 
diathesis, of which they all are only clinic manifestations. Of the man- 
ifold theories as to the nature and origin of infantile tetany the intoxica- 


1 Miinch. med. Woch., 1910, No. 40. p. 2077. 

2 Lqc. cit, p. 2079. 

SArchiv f. Kinderhlk., Bd. 54, H, L3. 
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tion, or, better, the autointoxication, theory may be regarded as most 
probable. Clinic observation has shown that the food exerts a great influ- 
ence upon tetany and the spasmophile diathesis. According to Finkelstein, 
cows' milk acts as an excitant in individuals with spasmophile diathesis; 
Stoeltzer goes further and asserts that the calcium in cows' milk is the 



Fig. 379. — Tetany (child 11 months). Characteristic attitude of hands. 

• Slight contracture of feet. (After Sheffield,) 

substance which induces electric hyperexcitability of the nerves. Investi- 
K^ations by Boyen, Pirquet, and Netter have invalidated this hypothesis; 
nideed, Sabbatario goes so far as to refer the spasmophilia to lime defi- 
ciency of the central nervous system. Pexa's researches show that no 
increase of the electric excitability in the peripheral nervous system w^s 
obtained by feeding young dogs with calcium-free food, and he does not 
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believe that tetany is due to deficiency of lime. Neither of the two theories 
which refer infantile tetany to the lime content of the organs is proved. 
At the present time the tendency is to regard tetany as due to insufficient 
activity of the parathyroids. According to W. Haberfeld,^ the oxyphile 
cells, upon the number of which some investigators lay much stress, have 
nothing to do with the functional activity of the parathyroids. It has 
been observed that tetany occurs after strumectomy only when the para- 
thyroids also are removed. Pineles has shown that infantile tetany is 
clinicly and pathogeneticly identic not only with idiopathic tetany of 
adults, but also with postoperative and experimental parathyreopriva tet- 
any. According to him, tetany is due to insufficiency of the parathyroids. 
Hemorrhages, which not infrequently occur in the parathyroids, are not 
essential for the occurrence of infantile tetany, for the affection may 
appear in its severest form with anatomicly intact glands. The function 
of the parathyroids is said to be to neutralize the unknown tetany toxin 
originated in metabolism. Nevertheless, the origin of infantile tetany is 
obscure. One thing, however, is known, that tetany usually affects irra- 
tional children. 

1 Beibl. z. d. Mitteil. d. Ges. f. inn. Med. u. Kinderhlk., 1910, No, 5. 
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DIGESTIVE TRACT. 

The mucous membranes of the digestive tract are not membranes 
which necessarily secrete mucus, but such which possess the ability to 
secrete mucus under certain conditions. Secretion of mucus occurs in 
localities which are tender and moist and covered with cylindric or squa- 
mous epithelium. The true mucus-secreting membranes — stomach, ileum, 
and colon — are provided with cylindric epithelium. 

Mucus, mucin, is a chemic substance, a nitrogenous body which, 
unlike the albuminates, does not coagulate at the boiling point, but does 
so on addition of organic acids while only albuminates containing 
casein are coagulated by organic acids. Casein is a homogeneous, colloid- 
like substance which in water is precipitated in fine granules. The mucus 
precipitate, on the other hand, forms a cohesive, coherent mass which 
can be drawn out into threads and membranes and is much more tena- 
cious than an albuminate coagulum. 

On stronger addition of organic acids the mucin coagulum contracts 
more and more and is not dissolved, while casein is dissolved in excess 
of organic acids. This mucin is insoluble in water, but swells strongly. 

Mucus is a local surface product, and is elaborated by epithelial ele- 
ments; also in localities where in the urinary and gall- bladder) 

no true mucous glands are present. 

The portions of the digestive tract most disposed to production of 
mucus are the s 1 9 m a c h and next the colon. In catarrhal gastritis 
the surface of the stomach is covered with a more or less thick, 
tenacious layer of glassy mucus. If this is removed by a. stream of water, 
the mucous membrane is generally found to be reddened and swollen. 
The folds of the mucous fhembrane, which are due to contraction of the 
muscularis, appear strikingly thick, broad, and plump. This change 
occurs very frequently in general congestion, e.g,, as a result of a heart 
lesion; it may, however, occur also as an independent affection due to 
thermic (especially too cold drinks) and chemic irritation, and in small 
children (in pedatrophy) often constitutes the chief change at the 
necropsy. In this production of mucus, in which the cylindric epithelia 
transformed into goblet cells, only the superficial epithelia are involved 
the mildest cases. On longer duration {e.g,, in congestion) and in 

^ Mineral acids dissolve the coagulum. 

( 749 ) 
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severe cases the cylindric epithelia in the excretory portions of the peptic 
glands also are always involved. Under these conditions mild dilation 
of the excretory portion of these glands occurs. 

When the mucous masses are very tenacious and adhere very firmly 
to the surface, long duration of the catarrh may result in retention and 
local accumulation of mucus within the excretory ducts of the peptic 
glands. The more mucus accumulates in these parts, the more the peptic 
glands are transformed into small cysts filled with mucus, the transfor- 
mation of the epithelia into goblet cells progressing gradually toward the 
depth, i.e., toward the fundus, of the gland. Later, large mucous cysts 


a 



Fig. 380. — Chronic catarrhal cystic ga.stritis. a, dilated excretory ducts 
filled with mucus; bj numerous medium-sized mucous cysts in the middle 
layer of the mucosa. X 25. (After Langerhans.) 

may develop by confluence of the smaller cysts. As this process is fre- 
quently associated with proliferation of the stroma, i.e,, with a secondary 
proliferative interstitial gastritis due to the irritation exerted upon the 
interstitial tissue by the cystic dilation of the gland-ducts, individual 
cysts usually gradually grow above the surface and, under certain cir- 
cumstances, even assume polypus shape. On the other hand, a primary 
interstitial gastritis (see p. 764) also may be followed by atresia of the 
excretory ducts of the peptic glands and retention of mucous masses. 

The catarrhal affection of the stomach frequently extends to the 
beginning of the small intestine, Le,, to the duodenum (catarrhal duode- 
nitis)* and then readily causes catarrh of the bile-ducts, which is of great 
importance in that, in the comparatively narrow ductus choledochus and 
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especially in the papilla of the duodenum, it very easily and quite fre- 
quently produces swelling of the mucosa and accumulation of catarrhal 
products which, in turn, cause retention of bile: so-called catarrhal 
icterus. The change which the mucosa of the duodenum and of the 
ductus choledochus undergoes is closely related to that observed in gastric 
catarrh. 

Mucous catarrh of the colon (catarrhal colitis), like gastric 
catarrh, is partly an idiopathic, partly a deuteropathic, change. As an 
idiopathic manifestation catarrhal colitis is observed in dysentery (see 
p. 526), in presence of Oxyuris vcrmicularis (see p. 356), in acute gas- 
trointestinal catarrh, especially of children; in cholera nostras, cholera 
asiatica, and in many poisonings. Deuteropathicly, it occurs in all severe 
and long-continued circulatory disturbances and as an accompaniment of 
ulcerative {e.g,, tuberculous) affections of the colon. Generally, how- 
ever, the production of mucus is less abundant than in the stomach, and 
the mucus is usually less viscid and less adhesive, frequently somewhat 
docculent, slightly ropy; only in chronic cases is it sometimes very tena- 
cious, firm, and lamellated. A chronic mucous catarrhal colitis may finally 
result in complete cystic degeneration of the mucous membrane and for- 
mation of polypi, in exactly the same manner as in chronic gastric catarrh. 
The polypi consist essentially of crypts of Lieberkiihn which have become 
filled with mucus, strongly dilated, and transformed into cysts. 

In membranous colitis (enteritis membranacea), an affection chiefly 
of hysteric and nervous women and neurasthenic men, membranous, 
ribbon-like, or tubular mucous formations, varying from 6 to 20 an. 
in length, are discharged at certain intervals, with or without stools, and 
occasionally accompanied by violent colic (mucous colic). The dis- 
charges may be repeated daily for weeks or only a few times a year. Not 
infrequently constipation exists. The mucous coagula dissolve on addi- 
tion of caustic potash. This affection is very probably a genuine secretion 
neurosis, in which the normal mucous secretion is augmented. If slug- 
gishness of the stools and spasmodic peristalsis of the colon also are 
present, the mucus may be molded between the longitudinal folds of the 
colonic mucosa into strings, membranes, or even tubular-formed masses. 

According to Herman,* membranous colitis is in many cases at first consti- 
P^Uion in a nervous individual who inquisitively examines his stools. Diarrhea 
‘'ind mucus, results of irritation by the scybala, cause him to visit the physician, 
who makes the diagnosis. If from the beginning laxatives had been given and 
personal observation of the feces forbidden, nothing would have been heard of 
*he membranous colitis. Once the patient’s attention is directed to his colon, 
the affection is difficult to cure. 

^ The Practitioner, vol Ixxxiv, No. 5. 
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In the ileum a mucoid mass is easily formed after death if the 
cylindric epithelia swell and disintegrate. This is a cadaveric change 
which has nothing to do with true formation of mucus. Desquamation 
and further changes of the epithelium, with synchronous profuse secre- 
tion of fluids, occur in the intestine, however, also during life: enteritis 
catarrhalis. In Asiatic cholera, for example, large coherent flakes of 
epithelium and even villi with their epithelial covering are exfoliated. 
Desquamation of epithelium occurs also in typhus abdominalis and 
typhus exanthematicus, as a result of violent evacuations. The same 
process is observed in almost every acute gastrointestinal catarrh, in 
many poisonings, and in every severe congestion due to cardiac lesions. 
Here, however, true ropy mucus is hardly ever observed in the ileum, 
but always only gray, soft, flocculent masses, which, under the micro- 
scope, prove to be accumulations of loose, somewhat swollen cylindric 
epithelia (without goblet-cell form!). This is desquamative catarrh. 

Accordingly, in the gastrointestinal canal it is necessary to distin- 
guish between ( 1 ) mucous catarrh, in which an amorphous, structureless 
mass (mucin) is secreted, and (2) desquamative catarrh, in which the 
secreted material consists of cells which swell and may assume a mucoid 
character. 

The tongue never secretes mucus, but only squamous epithelia, which, 
however, unlike the cylindric epithelia of the ileum, do not coalesce to 
form a mucoid mass, but loosely adhere to the usually strongly hyperemic 
surface as a whitish mass, which can be more or less readily wiped or 
washed off. 

Coating of the tongue, glossitis catarrhalis, is due to accumulation 
of loose epithelial masses which exfoliate. The states of the tongue per 
se do not correspond to those of the stomach, because the stomach has 
an entirely different epithelial covering; there are loc/il affections of the 
mouth and tongue without involvement of the stomach; nevertheless, 
catarrh of the tongue and stomach coexist with preponderating frequency 
in spite of the difference in the epithelium. Psoriasis of the 
tongue is a change which consists essentially in circumscribed thick- 
ening of the epithelium and inflammatory, small-celled infiltration of the 
mucous membrane. Erosions and ulcerations very easily develop from 
this change, and not infrequently carcinoma. 

Leucoplakia of the mucous membrane of the cheeks and 
tongue is closely related to. the just-mentioned alteration. This also 
at first consists of an increase and accumulation of epithelia with quite 
marked elongation of the papillae and small-celled infiltration of the mem- 
brane« The epithelium, however, assumes another character, the upper- 
most layer acquiring a resemblance to the horny layer of the epidermis 
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(epideripization). Later, the papillae become more and more flattened and 
the epithelium thinner, and, finally, the whole surface becomes smooth, 
cicatricial, and covered with homy epithelium. 

Noma, or cancer aquaticus, is a gangrenous process which generally 
starts from the angle of the mouth and extends to the lips and cheeks. 
This process usually begins with watery infiltration and not infrequently 
is distinctly associated with affections of the mouth, particularly with 
stomatitis (e.g., stomatitis mercurialis) , ptyalism, etc. The same process 
is sometimes observed at the anus and upon the labia majora in little girls. 

Aside from the nasopharyngeal space, the changes in which re- 
semble more the affections of the nose, some mucus is secreted by the 
parts above the pharynx; the chief bulk of the fluids there produced, 
however, consists of saliva, the product of the salivary glands. This 
secretion, especially in consequence of the action of drugs (pilocarpine, 
mercurials), may be so profuse that it is discharged in a continuous 
stream. This process is called salivation, ptyalorrhea, pty- 
alism. 

A similar phenomenon is status biliosus, in which an increased secre- 
tion of bile occurs. This is alwa>s present in typhus abdominalis. In 
contradistinction thereto, acholia is the term employed to designate com- 
plete cessation of bile secretion. Acholia occurs regularly in Asiatic 
cholera and in acute arsenic poisoning, in which conditions the “rice- 
water^’ stools owe their colorless character to the absence of admixture 
of bile. In status biliosus — ^bilious diarrhea — intensely stained stools occur 
as a result of polycholia. The chief representative of this is the pea- 
colored typlioid stool. 

In the gastrointestinal canal, two varieties of glands are distin- 
guished: (1) true and (2) false, the so-called lymphatic glands or 
follicles. 

The true glands of the gastric mucous membrane are tlie peptic 
glands. The stroma between the glands is composed ^of blood-vessels, 
lymphatics, nerves, and the interstitial connective tissue, which, however, 
is present only in very slight amount and is traversed with isolated strands 
of smooth muscle-cells. The larger vascular trunks lie in the submucosa 

from there send their smaller branches in oblique direction into the 
nnicous membrane. The gastric mucosa is, therefore, much less a mucous 
than a glandular membrane. The gland-cells, which almost 
Completely fill the interior space of the gland ducts, leaving free only a 
^cry small canal, are the chief constituents of the gastric mucous mem- 
brane — the parenchyma. Hence, these cells are the chief object of 
Consideration. 


48 
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In regard to secretion, there are few affections of the stomach in 
which hypersecretion occurs. Gastric softening, gastromalacia, which 
is found in many cadavers, has no connection with this. Gastromalacia is 
a strictly cadaveric phenomenon which may occur whenever the gastric 
content has acquired an acid reaction in consequence of the secretion 
of the gastric glands during life. This acid content acts unhindered upon 
the gastric mucosa post mortem, when the circulation of alkaline blood has 
ceased, and produces a change in the mucous membrane which is best com- 
pared with the action of freely diluted acetic acid upon fresh microscopic 
sections. Here swelling and at the same time clearing occur, so that the 
mucous membrane acquires a glassy, swollen appearance. Hence, no con- 
clusions as to change during life, but only as to the function of the mucous 
membrane before death, can be drawn from gastric softening. Per- 
foration may occur post mortem as a result of gastromalacia, particularly 
when the stomach is distended by gas. 

Two chief forms of gastromalacia are distinguished, namely, col- 
loid and brown. The latter is always preceded by an i n t e n s e 
congestion of the vessels before and after death ; the dirty, dark-brown 
color is due to the action of the acid upon the coloring matter of the 
blood. The ordinary redness of the mucous membrane disappears with 
the occurrence of death, coincidently with paling of all visible mucous 
membranes. If for any reason the blood-red does not disappear with the 
occurrence of death, c.g,, in congestion, the acid contents may easily 
act not only upon the parenchyma of the mucous membrane, but also 
upon the still congestled vessels. Therefore, the finding of “brown soft- 
ening'’ always permits the conclusion that hyperemia existed during 
life. Every gastromalacia begins with swelling of the uppermost layers, 
which extends gradually in the depth to the muscularis and sometimes to 
the serosa. The swelling is followed by softening. This chemic process 
may occasionally extend to neighboring parts, even through the dia- 
phragm and pleura into the lung-tissue (pneumonomalacia) , 

In a large number of gastric affections (gastritis catarrhalis, parrn- 
chymatosa, etc.) there is hyposecretion. Plere the substance of the 
gland-cells (see p. 134) — the parenchyma of the stomach — is altered. 

Lieberkiihn’s glands of the intestine closely resemble hi their ar- 
rangement the gastric glands, with the difference only that they are 
shorter. They are most numerous in the colon; here, however, they He 
at a greater distance from each other than in the stomach and have a 
larger orifice. In the ileum the orifices are smaller; between these are 
found the villi covered with cylindric epithelium. 

In affections of the ileum the state of the villi is of chief importance, 
since little is known of the function of the glands. Through the activity 
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of the villi, on the one hand, chyle is absorbed (principally in 
the jejunum); on the other hand, watery masses may be se- 
creted. The watery secretion is never derived from the glands. 
In all diarrheas the portion principally involved is the small intestine, 
which, in the jejunum, besides the villi, is provided with transversely 
arranged valvulce connivcntes or valves of Kerkring; these are dupli- 
catures of the mucous membrane which effect an increase in the surface. 
The number of these valves varies, being increased by and depending 
upon contraction of the muscularis and swelling of the intestinal mucosa. 
The acme of fold formation is reached in intense swelling of the mucous 
membrane and coexistent contraction of the muscularis. Under certain 
circumstances, especially in acute inflammatory swelling, the valviilcc con- 
nivcntes extend far beyond the limits of the jejunum, sometimes to the 
ileocecal valve. The more numerous the folds, the greater the secreting 
surface. Accumulation of water masses sometimes occurs in the vermi- 
form appendix when the communication of the lumen with the cecum is 
interrupted by cicatricial contraction or other cause. The appendix may 
thus be enormously distended, sometimes the size of a hen-egg or a goose- 
egg and larger. This change is designated as hydrops cysticus processus 
7’crmiformis, while empyema processus vermiformis develops as the 
result of accumulation of catarrlial-purulent material from retention. 

In the colon, folds are dependent only upon contraction. The mucous 
membrane of the colon forms on the whole a smooth, even surface which 
elaborates the secretions ordinarily occurring. A watery secretion may, 
of course, be produced from the glands; this secretion, however, con- 
tains more albumin than the secretion of the ileum and, therefore, re- 
sembles the serous exudates. This is the case particularly in dysenteric 
processes. 

Hemorrhages ^hich either reach the surface (in the form of dia- 
pedesis) or remain in the tissues (hemorrhagic infiltration) sometimes 
originate in the superficial portions of the mucosa. Tfifise hemorrhages 
are generally small, as a rule only punctiform or striate, and occur in all 
affections accompanied by violent diarrhea (poisonings, etc.) as well as 
in passive congestion, not rarely in bleeders and in the severer forms of 
anemia and* leukemia. Markedly bloody secretions occur principally in 
bloody (hemorrhagic) dysentery (bloody flux, see p. 61), thrombosis (see 
P- 7-^), and in embolism. (See pp. 89 and 91.) 

Blood-pigment (hemo.siderin), which is transformed by the action 
sulphureted hydrogen into .slaty pigment (iron sulphide; see p. 134), 
1^ found in the tissues in chronic hyperemic-hemorrhagic processes after 
solution of the extravasated red blood-corpuscles. This is a frequent 
^t'urrence in chronic catarrhal processes, seldom in passive congestion. 
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Under the microscope the pigment is black in color, granular, amorphous, 
and arranged in small clumps, usually within cells; sometimes, however, 
also in the basement substance between the cells. In the stomach and 
colon the pigment is located in the connective tissue of the stroma, and 
in the ileum principally in the apices of the villi. In mild degrees of 
pigmentation these parts have a slightly smolde-gray color, in more 
marked degrees a slaty to dark-black color. The pigmentation may begin 

at the cardia and extend to the anus. As a rule, however, only certain 
portions and not the whole gastrointestinal canal are the seat of slaty 
discoloration. 

Fibrinous exudations (fibrinous gastritis and enteritis) are rare. A 
pure fibrinous gastritis is the ordinary result of burning with hot water. 
Fibrinous enteritis sometimes occurs in children and very rarely in adults 
from unknown causes.^ On the other hand, fibrinous pharyngitis is a 
very frequent affection which is always associated with intense swelling 
of the follicles of the pharynx and nasopharynx, nearly always begins 
at elevated points, especially upon the tonsils and the uvula, and is either 
confined to the pharynx or extends to the true air passages. The fibrinous 
masses can be more or less easily separated from the intensely hyper- 
emic mucous membrane, and, in contradistinction to diphtheria (see pp. 
523 and 525), without loss of mucosa. This affection frequently occurs 
idiopathicly and often sporadicly; it is, however, contagious and, there- 
fore, occurs also epidemicly. 

The follicles of the digestive canal are formations consisting prin- 
cipally of small round cells, each with a disproportionately large nucleus, 
which, in contradistinction to the colorless blood-corpusclcs, is visible also 
without addition of acetic acid. These lymphatic cells lie in a reticulum. 
Unlike the lymph-glands, the follicles have no external capsule, but the 
tis.sue of the follicles merges gradually into the surrounding tissue. Hence, 
no sharp line of demarkation can be recognized with the microscope. The 
term follicle signifies really sac, pocket. 

The faucial tonsils possess pocket-shaped depressions (see Fig. 381, 
E) around which follicles are grouped; all other follicles of the digesti\e 
canal form simple, flat swellings of the mucous membrane. (See Fig. 
382, F.) The intestinal follicles are the most superficial and extend down- 
ward into the submucosa. (See Fig. 382, F.) The follicles of the 
stomach are much smaller and never extend to the surface of the mu- 
cosa ; follicular affections of the stomach are of only slight importance. 

The pharyngeal tonsils are involved in most affections of the 
pharynx. At the same time the remaining follicles of the pharynx are 

1 A true diphtheritic membrane containing diphtheria bacilli may occur la 
the iiitestiiie in dysentery and be expelled with the feces. 
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a^lly altered, but in lesser degree than the tonsils. As every fresh 
affection of the tonsils is accompanied by swelling, which often very 
markedly narrows the pharynx, and this narrowing, caused by swelling 
of the tonsils, usually is the most striking feature in simple catarrhal 
affection of the pharynx, every pharyngitis associated with swelling of 
the tonsils is frequently designated as angina (from ango: to narrow, 
choke, Strangle). Every angina, therefore, is really a tonsillar 
angina. Hence, the simple catarrhal process of the pharynx — catar- 
rhal pharyngitis — also is often designated as catarrhal an- 
gina. 

The principal constituent of catarrhal secretions is epithelium, which 
may accumulate as plugs in the crypts — lacunae — of the tonsils. When 
these have attained a certain size and protrude from the openings of the 
lacunae, they are usually expelled by coughing, during vomiting or simple 
hawking. \Vhen, however, they remain in situ, either an intense, some- 
times purulent inflammation develops in the neighborhood of the lacunae 

Fig. 382. 

(angina lacunaris), which often may rapidly be relieved by removal or 
expression of the plugs, or the retained masses putrefy, thus giving rise 
to factor ex ore (angina catarrhalis putrida)^ or the masses retained 
for a long time become inspissated and finally infiltrated with lime-salts. 
This results in the formation of tonsillar stones: calculi tonsillares. 

In chronic granular pharyngitis the follicles in the posterior wall of 
the pharynx especially are swollen. 

Inflammations of the tonsils themselves, namely, parenchymatous 
and interstitial amygdalitis, are to be distinguished from these processes. 
The first, often called quinsy, consists of swelling dilfe to acute inflamma- 
tory hyperplasia, which either, as in. many infectious diseases (e.g,, 
scarlatina, diphtheria, rabies humana), subsides after a time, or with 
frequent recidives results in permanent and gradually increasing en- 
largement : so-called tonsillar hypertrophy. Interstitial 
amygdalitis is either a purulent infiltration which, when it involves 
the whole tonsil, is to be classed with the phlegmonous and some- 
times with the gangrenous processes (in diphtheria, scarla- 
tina, etc,), and, when it remains confined to one locality, with the 
suppurating forms (tonsillar abscess, amygdalitis apos- 
tematosa), or it is a process resulting in fibrous induration: tonsillitis 



Fig. 381. 



758 


DIGESTIVE TRACT. 


chronica fibrosa. Fibrous induration with obliteration gives to the tonsil 

an excavated, dish-shaped appearance with smooth surface. 

The purulent form progresses either in the external layer: 
tonsillitis apostematosa superficialis, or it extends into the depth pbs« 
teriorly (profunda), involves the neighboring pharyngeal and retro- 
pharyngeal tissue, and results in retropharyngeal abscess 
Paratonsillar processes, in which the abscess extends to the surrounding 



r' 

<'i ’ 

:> 


Fig. 383. — Section through one of the crypts of the tonsil, e, e, stratified 
epithelium of surface of mucous membrane, continued into crypt; f, f, follicles 
or nodules of the lymphoid tissue, which is elsewhere diffuse; opposite each 
nodule numbers of lymph-cells are passing through the epithelium ; s, masses 
of cells which have thus escaped from the organs to mix with the saliva as 
salivary corpuscles. (After Stohr.) 

extrafollicular tissue, are the most to be dreaded. Death may result from 
suffocation or erosion of a blood-vessel in the wall of the abscess-cavity. 

The intestinal follicles are sometimes found opened on the surface; 
this is a purely cadaveric phenomenon, which can artificially be pit> 
duced by maceration with water; the follicles suck themselves full, as 
it were, so that rupture of the surface occurs : this condition is favored 
by decomposition processes. 
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In general, the changes in follicular affections as such correspond 

to the parenchymatous processes. The cells of the follicles may migrate 
into the adjacent tissue, and under certain circumstances, as in the intes- 
tine, also to the surface; this is a lymphatic-catarrhal process of the 
intestine which is called follicular catarrh. In this condition 
the follicles are enlarged. 

During chylification the mucous membrane is hyperemic,^ 

the intestinal villi are swollen as a result of distention with chyle (fat 

emulsion), whitish gray in color, and distinctly recognizable with the 
naked eye. When the chyle remains for some time in the villi, as a 
result of disturbance in the flow of chyle, chyle retention occurs. 



Fig. 384. — Leptothrix, I, and cercomonas, c. X 350. From a freshly 
opened tonsillar abscess. (After Lenharts.) 

This is generally, observed only in isolated villi, in contradistinction to 
chylification in which all villi are uniformly concerned. The villi in 
which chyle is retained are larger and, as a result of the complete dis- 
tention with fat, yellowish white in color. In this Condition the minute 
fat-droplets of the emulsion coalesce to form larger and often very large 
fat-drops. 

Hyperemia of the mucous membrane may be due to inflammation 
(also chylification) as well as to passive congestions in the venous area; 
It IS frequently observed in cardiac lesions (mitral stenosis, etc.). The 
congestion may be so intense that the mucous membrane appears bluish 
red, strongly edematous, swollen, and covered with catarrhal, mucous, 
or cellular secretions. 


^ Digestive hyperemia is indistinguishable from inflammatory hyperemia. 
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According to Dunbar,^ autumnal or pollen Mtarrh; hay fever, occur- 
ring in the spring, is almost without exception due to gramineae pollen; 
the American autumnal catarrh to the pollen of solidagineae and ambro- 

siacese, and the hay fever of China to ligustrum pollen. 

The symptoms of hay fever are to be regarded as a defensive reac- 
tion to the parenteral introduction of the proteid of the pollens named, 

which is made possible by abnormal permeability of the mucosa and cutis. 
It is not, however, a pure anaphylactic process in the sense of the defini- 
tion at present accepted, for it is possible to allay the symptoms by an 
antitoxic pollen-immune serum, and thus at the same time gradually 
diminish the individual disposition to such a degree that the paroxysms 
remain absent without further treatment. 

As in inflammation of the tonsils, an acute purulent and a 
fibrous form of inflammation are differentiated also in the remaining 



Fig. 385. — A, closed follicular 
abscess,* / a; B, burst follicular 
abscess, f a; C, Dj sinuous follicular 
ulcer, f g. 



Fig. 386. — follicle; 
p, polypus. 


follicles of the intestinal tract. The former results in follicular 
abscess, which at first may be covered by a layer of mucous mem- 
brane : enteritis follicularis apostematosa. In bursting, follicular abscess 
produces follicular ulcer: ulcus folliculare^ but not ulcus fol- 
liculi, or follicle ulcer, for the latter is an ulcer of the follicle 
in which part of the follicle is still preserved. Ulcus folliculare^ or fol- 
licular ulcer, always signifies that the ulcer originated from inflammation 
and suppuration of a whole follicle and of the immediately adjacent 
tissue. Simple catarrh does not result in follicular ulcers ; hence, strictly 
speaking, there is no catarrhal ulceration; but follicular abscesses fre- 
quently develop in connection with violent acute and chronic catarrhs, 
inasmuch as exfoliation of the epithelium in catarrh facilitates the 
entrance of micro-organisms into the mucous membrane or follicles. 
Follicular ulcers are particularly frequent in catarrhal dysentery and in 
dhronic intestinal phthisis. 


1 Deutsch. mcd. Woch., March 30, 1911* 
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On bursting and discharge of a suppurating follicle (see Fig, 385) 
a cavity, the walls of which at once collapse, is first formed at the site 

of the destroyed follicle, so that a depression with a small central aper- 
ture develops. If water is poured upon this point, the margins are 
raised and it can readily be seen that the ulcer has overhanging 
margins; owing to its resemblance to a sinus ( !) : such an ulcer is called 
ulcus sinuosum profundum. The area of such a defect is always greater 

than the original follicle. Follicular ulcers of the large intestine are 
generally somewhat larger than those of the small intestine. 

The vermiform appendix is provided with follicles throughout its 
whole extent. In inflammations of the vermiform appendix, which may 
be an accompaniment of a general intestinal affection, or, what is com- 
paratively frequent, progress as an entirely local affection, either simple 
catarrh may be present or follicular ulcerations develop: enteritis catar^ 
rhalis et ulcerosa processus vermiformis. The most frequent causes of 
these intestinal affections confined to the vermiform appendix are for- 
eign bodies composed of fecal masses (r/. p. 762), which at first prc^luce 
a chronic catarrhal irritative state and later frequently give rise to sup- 
puration of the follicles and ulceration. As the cause of this process 
(foreign bodies) does not disappear — foreign bodies are firmly sur- 
rounded and retained in the narrow canal by the intense swelling of the 
mucous membrane — the ulceration extends gradually in depth until 
the external layers are altered in like manner, or, what is quite often 
observed, a phlegnpnous or gangrenous process of the intestinal wall 
succeeds the simple follicular ulceration. In both cases an acute inflam- 
mation of the serosa develops in connection with the original affection 
of the mucous membrane, which, especially in ulcerations which slowly 
extend to the deeper parts, either results in agglutination and adhesion 
of the neighboring parts (cecum, ileum, ligamentum latum, etc.) or — 
especially in the plilegmonous and gangrenous forms — produces a puru- 
lent peritonitis; perityphlitis purulenta, even before adhesion by fibrin 
occurs. The latter not infrequently begins suddenly, at the moment 
when perforation of the vermiform appendix occurs. In this case peri- 
tonitis, or perityphlitis stercoralis, quickly results. 

The influence of mobility of the cecum (c^Tcum mobile) in the 
^'tiology of some cases of so-called chronic appendicitis has been studied by 
Stierleint upon a scries of 61 cases in the Basel Clinic. The disturbances, which 
sometimes are very violent, are due to kinking and axial torsion of an abnormally 
long and mobile cecum. A primary or secondary typhlatony or another cause of 
obstipation present in the colon, especially at the splenic flexure, plays a secondary 
*‘ole. The symptom-complex is chronic, usually marked constipation, occasionally 

» Deutsch. Zeitsch, f. Chir., Bd. 106, p. 407. 
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associated with diarrhea of brief duration ; interval attacks of colic localized in the 
region of the ascending colony due to pathologic contractions of the cecum, usually 

unattended by rise of temperature. Of 9 cases in which appendectomy without 
cecopexy was done 2 were cured (with persistence of obstipation), 3 were improved, 
and 5 were uninfluenced. Of 43 cases of cecopexy in which a conclusion as to the 
permanent results was possible, 75 per cent, were cured, 16 per cent, improved, and 
9 per cent, uninfluenced. Of the 52 cases in which cecopexy was done, 25 per cent. 
*were males and 75 per cent, females, and as regards age 67 per cent, were between 
the 15th and 2Sth year. 

Follicular ulcers heal by filling of the sinuses with fresh granula- 
tion tissue; this shrinks and results in cicatrization; a small, slightly 
elevated knob develops, from which a few striae radiate. This always 
causes a certain amount of distortion of the intestine. When several 
follicular ulcerations coalesce, stricture with dilation of the portion 
of the intestine above it may result. 

On the other hand, follicular ulcers often follow narrowings of the 
lumen resulting from antecedent ulcerations, particularly those due to 
syphilis and carcinoma. 

Stricture causes accumulation (retardation) of the intestinal con- 
tent: coprostasis.^ The latter may be produced also by arrest at the 
point of stenosis of swallowed foreign bodies, most frequently cherry 
pits or prune stones. Symptoms of volvulus or ileus: com- 
plete intestinal occlusion, then occur. Dilation of the intestine 
occurs in the portion of intestine situated above a stricture as the result 
of accumulation of fecal mas.ses; the intestinal wal) becomes thickened 
by hypertrophic processes (especially in the muscular coat), owing to the 
increased efforts of expulsion and of the more intense irritations. Fol- 
licular ulcers frequently develop in the mucous membrane of this por- 
tion ; they are sometimes so numerous that the mucous membrane appears 
perforated like a sieve. In addition, diphtheritic alterations of the 
mucous membrane frequently occur. 

Coprostasis, however, occurs also without stenosis, most frequently 
in the insane who refuse food; sometimes it becomes habitual from un- 
known causes or from habit. 

The lassitude and inactivity of many constipated subjects are referred by W. 
Russell^ to the inability of the bowel to eliminate the products of metabolism of 
the muscles. In England ‘'bilious attacks” with the characteristic high blood-pres- 
sure have for ages been treated with mercurials, which act not only as cathartics, 
but also reduce blood-pressure. Russell regards the frequent recurrence and per- 
sistence of such bilious states as one of the commonest causes of arteriosclerosis. H 
this has already developed, the effects of constipation are doubly pernicious. One 


^Kopros: excrement; stasis: standing still. 
2 The Practitioner, vol. Ixxxiy, No. 5, p. 604. 
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of the ordinary sequelae of constipation in young girls is chlorosis, which, as 

is well known, is not infrequently overcome solely by regulation of defecation. 

The less frequent occurrence of constipation in men than in women is attrib- 
uted by some to the greater disinclination of women to be observed visiting the 
toilet; as, however, constipation is observed also in children, the question arises 
whether it may not be regarded also as an example of inheritance of an acquired 
characteristic. Defecation is not infrequently disturbed by proximity of abnormal 
internal genitalia : a retroverted uterus or sensitive ovaries. 

As in all probability the liver possesses the function of destroying intestinal 
toxins, the cutaneous manifestations sometimes observed in constipation may be 
referred, according to Whiting, i to defective liver function. Comedones and acne 
are often referable to constipation, and increase and decrease with it. Eruptions 
of various kinds are aggravated by constipation; not only those of constipated 
individuals, but also those in children nursed by constipated mothers. Some persons 
regularly acquire cutaneous eruptions (erythema, papules, urticaria) about twelve 
hours after an enema of even pure water or after administration of a brisk 
cathartic. Apparently, toxins arc thus liberated which are dissolved and absorbed. 
Some cutaneous affections may be overcome only by laxatives and intestinal anti- 
septics, e.g., lupus erythematosus, urticaria pigmentosa, and ordinary urticaria. 
Also the well-known employment of yeast in acne and furunculosis probably 
depends upon cleansing of the intestine. The intestinal toxins, like the alkaloids, 
probably possess the ability, with slight change of their chcmic constitution, to 
markedly alter their physiologic action, for which reason slight causes may produce 
marked alterations in the condition of the skin. Thin feces appear to more readily 
produce cutaneous manifestations than the dense feces of the transverse and descend- 
ing colon. Whiting inclines to the view that in cutaneous affections due to con- 
stipation the skin functionates as an excretory organ. As proof of this possibility 
he cites urea, which in some persons is observed in powder form upon the skin of 
the face. * 

Stagnation (retention) of intestinal contents may occur as a result 
of peculiar curvatures and displacements of the intestine, especially of 
the colon, and give rise to ulcera folliculana. In all these cases the irrita- 
tion in ulceration is due to the accumulated feces and the micro-organisms 
they contain. • 

Follicular ulcers do not occur in the esophagus ; they are very rare in 
the stomach, quite frequent in the pharynx and oral cavity, and most 
frequent in the small and large intestines. 

Simple swelling of the follicles of the small and large intestines 
regularly occurs during digestion. It occurs also in many ca- 
tarrhs,*as so-called catarrhal swelling, and in chronic catarrh may 
lead to the formation of polypi as the result of synchronous hyper- 
plasia of the extrafollicular tissue. (See Fig. 386.) The principal seat 
of these polypous changes of the follicles is the lower portion of the 
ileum; less frequently the jejunum and colon and sometimes the whole 
intestine are involved. 

^ The Practitioner, vol. Ixxxiv, No. 5, 
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The irritation of the mucous membrane in catarrhal processes causes 

proliferation— formation of new cells— in the intestinal follicles. This 
is always associated with hyperemia, which, on long duration, results in 
slaty pigmentation of the follicles. In every marked swelling of the intes- 
tinal follicles the adjacent mesenteric lymph-glands also are generally 
swollen. 

In the gastric mucous membrane, proliferations which are associated 

with swelling and gradually 
impart to the surface a finely 
granular appearance are ob- 
served in the region of the 
stroma. Constrictions of the 
gland-ducts, particularly in 
the surface, in the region of 
the excretory portion of the 
peptic glands, occur as the 
result of ]>rolifcration; conse- 
quently, dilation and cystic 
formation of the lower por- 
tion of the ducts sometimes 
develop. The cysts contain 
a glassy, mucoid material and 
may project above the surface 
like vesicles. Exactly the 
same process is observed also 
in the large intestine: colitis 
prolifcra cystica. When in- 
terstitial gastritis ter- 
minates, shrinkage of the 
glands, thinning of the stom- 
ach wall, sometimes almost 
complete atrophy of the mu- 
cous membrane develop as a 
result of retraction. More 
frequently chronic interstitial gastritis progresses quite insidiously without 
cystic formation, repeated recidives occurring, so that almost complete 
atrophic areas of gastric mucous membrane can be seen adjacent to areas 
which are almost unaltered and, again, other areas in which beginning pro- 
liferation or shrinkage can be recognized. Macroscopicly there is often 
very little to be recognized. When a larger portion of the mucous mem- 
brane has already disappeared, the unusual thinness of the mucosa is 
very marked. 



Fig. 387. — Chronic proliferative gas- 
tritis in a butcher who daily drank 2 
liters of schnapps, o, esophagus ; d, duo- 
denum; g. />., papillae due to prolifera- 
tion. natural size. (After Langer^ 
hans.) 
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These chronic processes, ending in atrophy, are best compared with 
chronic diffuse cirrhosis of the liver; they occur most frequently in 
syphilis, and sometimes, without any demonstrable evidence of syphilis, 
in severe pernicious anemia. 

In contrast to this chronic interstitial form stands the acute purulent^ 
phlegmonous form, which is very rarely observed. Aside from trauma, 
very little is known of its genesis. Extensive elevation of the mucous 
membrane from the underlying tissue is sometimes produced by this 
process. 

Small tumors occasionally develop from the chronic proliferating 
process, especially in the stomach. By progressive increase of the pro- 
tuberances a condition gradually develops which is comparable with 
warts : gastritis verrucosa. This finally results in the formation of large 
polypous excrescences: gastritis polyposa. The intermediate stage is 
called status mammillaris, ‘'breast - nipple stage, ctat mame- 
lone, ‘All these formations consist essentially of proliferated interstitial 
tissue. The gland-cells also proliferate, however, so that the gland-ducts 
themselves grow, elongate, and branch. New vessels, which not infre- 
quently are the source of hemorrhages, grow into these proliferating 
masses. Hemorrhage is observed with especial frequency in the polypous 
and villous excrescences of the mucous membrane of the large intestine, 
which, next to the stomach, is the principal seat of this change. In the 
rectum these proliferations occur most frequently in the form of isolated, 
often numerous, and widely separated polypi of variable size. Fre- 
quently they are no larger than a hemp seed or pea ; seldom they attain 
the size of a hazelnut and larger. The larger polypi may be the cause of 
intussusception ( invagination ) . 

Parenchymatous gastritis, or gastroadenitis, consists in swelling 
of the peptic glaii^ds. Here the mucous membrane is so cloudy that the 
submucous vessels are invisible; it is swollen, often granular, especially 
in the region of the pylorus, and usually pale. When the process has 
reached its acme and no restitutio takes place, retrogressive fatty meta- 
morphosis occurs. Gastroadenitis is observed princ^ally as a concom- 
itant of severe infectious diseases and in certain poisonings, especially 
phosphorus poisoning. (See p. 328.) 

Phlegmonous inflammations develop in the rectum and colon in con- 
nection with injuries, c,g,, through enema syringes, after examination per 
anum or through swallowing of foreign bodies, such as needles, bones; 
in connection with syphilitic ulcerations, varices, etc. Submucous (ischio- 
rectal) abscesses, which may cause extensive elevation of the mucous 
membrane, are not infrequent. Proliferations which completely obscure 
the abscess sometimes exist in the mucous membrane. Fistulous sinuses 
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not infrequently develop at the anus as the result of these ulcerous proc- 
esses. When these sinuses communicate only with the intestinal lumen, 
they are called blind or incomplete internal rectal fistulae; when, how- 
ever, tliey open externally, as a rule to one side of the anus, they arc 
named complete rectal fistulae. 

Aside from the already-mentioned hemorrhages and congestions, 
embolic processes occur in the vascular system. Embolism of larger 
vessels, e.g., of the superior mesenteric artery, leads to fatal intestinal 
hemorrhage without the seat of hemorrhage being demonstrable (hemor- 
rhage per diapcdcsin). The region supplied by the affected artery is, as 
a rule, dark (bluish) red in appearance, swollen, and markedly succulent. 
Small emboli in the mucosa are associated with infarction of the mucous 
membrane with subsequent diphtheria, ulceration, and cicatrization, 
which sometimes may produce mild phenomena of stenosis. On the other 
hand, infarction in the gastrointestinal canal is caused also by mechanic 
influences, such as contusion, occlusion of veins in incarcerations, etc. ; by 
spastic contractions of the musculature of the stomach and intestine, 
especially in the mucous membrane at the level of the rug^e, and, finally, 
by hemorrhagic diathesis. A loss of substance occurs in the infarcted 
portion, because the circulation entirely ceases. 

Simple, so-called round gastric or peptic ulcer is always referable 
to a primary affection of an artery or an arterial district. The whole 
capillary area of the mucosa (and sometimes also of the submucosa) 
belonging to this artery (which usually runs in the siil^mucosa) becomes 
anemic or infarcted, dies, and is digested by the acid gastric juice, because 
the circulation of the alkaline blood has ceased.^ An at first rounded and 
later, when the ulcer becomes larger and extends deeper, more oval, 
almost ovoid ulcer then develops, which has quite sharp margins as 
though punched out. As with advance of the process the different layers 
of the stomach wall, from the mucosa toward the peritoneal covering, 
are attacked to a less extent than the preceding layer, these ulcers usually 
extend funnel-shaped into the depth, the apex of the funnel directed 
toward the peritoneal coat. At the deepest portion, corresponding to the 
apex of the funnel, the diseased artery is distinctly visible, often in the 
form of a stump. Sometimes the successive layers of the garstric wall 
are seen as strata or steps in the wall of the ulcer. The typic seat of 

1 In case a focus in the gastric mucosa is the seat of hemorrhage or necrosis, 
it is digested, because, as stated above, being deprived of the circulation, it is less 
resistant. In this manner erosion and gastric ulcer develop. Gastric ulcer is, there- 
fore, often called peptic ulcer, because it is due to digestion. The same 
process occurs in the lower portion of the esophagus and in the upper part of ^ 
duodenum. A peptic ulcer may occur also in those portions of the ileum whicii 
have been brought into immediate connection with the stomach by operation 
(gastroenterostomy ) . 



DIGESTIVE TRACT. 


767 


simple round and sometimes, but not always, of perforating gastric ulcer 
(ulcus simplex, in contradistinction to ulcus carcinomatosutn) is the 
immediate neighborhocxl of both curvatures, especially on the ix)sterior 
surface of the lesser curvature near the pylorus.^ Sometimes two sym- 
metric ulcers, which may gradually become confluent, develop at both 
sides of a curvature. The confluent ulcer in pure form has a biscuit-like 
shape. Generally, only one ulcer is present; not very rarely (7 per cent.), 
several occur together. Usually they are about the size of a dime, though 
they may be very large (several inches) in dimensions, or very minute 
(two lines in diameter). These gastric ulcers almost always pursue a 
very chronic course. While occurring at all ages, they are most often 
observed between the 30th and 40th year in males and between the 20th 
and 30th year in females. As regards sex, the ratio is, according to 
recent statistics, about 4 males to 1 female. Perforation of a gastric 
artery and consequent fatal hemorrhage are not uncommon. According to 
Welch, the mortality in general is about 15 per cent. Open gastric ulcer 
is observed in from 1 to 2 per cent, of persons dying from all causes. 
Rarely, cicatrices of old ulcers with whitish, stellate scars are found. 

Upon the external surface of the stomach a perigastritis partialis, 
which leads to adhesion of the stomach to the adjacent organs (liver, 
pancreas, spleen, lymph-glands, etc.), develops over deep gastric ulcers. 
The pancreas most frequently forms the floor of ulcers perforating on the 
posterior surface of the stomach. When the ulcer finally perforates, these 
adhesions often protect against a general peritonitis. Sometimes, however, 
perforation into the peritoneal cavity occurs, resulting in fatal peritonitis. 
If the perforating ulcer reaches the splenic artery, fatal hemorrhage from 
tliis vessel .sometimes results. The result is more or less serious according 
to the consistency of the adjacent organs toward which the perforation is 
directed. Thei le«ftt resistant is the spleen; it is often completely exca- 
vated. The least altered is the pancreas; as a rule, this organ suffers 
only partial induration. The ulceration may penetrate the organs and 
produce abscess (liver), fistulae (transverse colon: most common ;2 duo- 
denum, lungs, pleural cavity, gall-bladder, gastrocutaneous : very rare), 
or it may i^rforate the portal vein, causing simple or suppurative phle- 
bitis. Th^ progressing ulceration generally does not take place under 
Ibe form of a purulent or gangrenous process ; on the contrary, one layer 
^dter another very gradually disappears without anything special being 
observed. 

^According to statistics of Welch, of 793 gastric ulcers, 288 were in the 
curvature, 235 in the posterior wall, 95 in the pylorus, 69 in the anterior 
^all, 50 in the cardia, ^ in the fundus, 27 in the greater curvature, 
otercoraceous vomiting may then occur. 
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Carcinoma frequently, follows gastric ulcer, according to Lebert^ in 

9 per cent, of the cases, ibcceptionally, in cases of scirrhus, the ulcer may 
greatly resemble small round ulcer with indurated walls; accordntg to 
Welch,^ this fact is to be considered in weighing the statements of those 
who report cases of carcinoma developing fromi round ulcer. 

Exactly similar ulcers — as a rule, however, only one, occasionally (15 
per cent.) several together — are observed in the duodenum up to the 
opening of the ductus choledochus, i.e., in that portion in which the acid 
gastric juice still exerts its digestive action. These ulcers have a rounded 
form, may be very variable in size, and are located chiefly in the upper 
horizontal portion of the duodenum, near the pylorus of the stomach. In 
healing, such marked shortening sometimes occurs from cicatricial con- 
traction that the papilla is drawn toward, and in rare cases close to, the 
pylorus. Duodenal ulcers are much more frequent (3:1) than gastric 
ulcers and, like the latter, by perforation, which is more frequent 
than in gastric ulcer, may lead to acute and usually fatal perito- 
nitis. 

The degree of acidity of the gastric juice in duodenal ulcer varies. 
That duodenal ulcer usually exists in cases of so-called functional hyper- 
chlorhydria, as Moynihan states, is by no means true. The conception 
that the pylorospasm induced by the hyperacid stimulus mechanicly irri- 
tates a duodenal ulcer adjacent to the pylorus appears to Kiihn*^ to be 
established. If the spasm is arrested by neutralization of the excess of 
acid, by belladonna, or by introduction of acid-bincHng substances, the 
pain originating from the ulcer generally soon subsides. Direct chemic 
irritation of the ulcer is possible also through the strongly hyperacid 
gastric juice coming from the pylorus, and this is favored by an anatomic 
peculiarity of the duodenum which enables retention for some time of the 
acid gastric juice in the upper portion of the duod^;num. Below the 
entrance of the ductus choledochus there is a distinct thickening of the 
circular muscular fibers, which occasionally forms a decided sphincter. 
Retention of the gastric juice in the duodenum after its passage through 
the pylorus, and, hence, its thorough admixture with the bile and pati- 
creatic juice, are thus favored. The frequency of vomiting of bile on an 
empty stomach, and of hematemesis in duodenal ulcer, and likewise the 
often-observed dilation of the upper portion of the duodenum independent 
of duodenal ulcer cicatrix, are also thus explained. If the ulcer involves 
the papilla, icterus may develop. 

1 Deutsch. Arch. f. klin. Med,, 1877, xix, 545. 

2 Pepper’s “Syst. of Med.,” ii, p. 360. 

* Fortscliritte der Medizin, 1911, No. 7, p. 146. 
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Hemorrhagic eroBtons, like ulcers, begin with hemorrhs^c infiltra- 
tion; they differ genetically, however, from simple gastric ulcer by the 
fact that they originate in hyperemic states of the gastric mucosa, most 
frequently in already existing catarrhal conditions and coincident with 
spasmodic contraction of the gastric and abdominal musculature 
in vomiting), and not as a result of arterial change. Hemorrhagic ero- 
sions, therefore, are preceded by affection of the mucous membrane. As 
a rule, they are numerous, small, flat, frequently only punctiform, seldom 
hemp-seed-sized losses of substance involving only the uppermost layer 
of the mucosa, being usually situated upon the top of the folds of the 
mucous membrane and distributed over the whole gastric surface, 
and at necropsy are often covered with a slightly brownish deposit. If 
the mucous membrane is covered with mucus, numerous, fine, brown 
jmneta and striae can frequently be seen within the mucous layer, which 
may be traced to the superficial defects in the mucous membrane. As 
a rule, only small, scarcely recognizable hemorrhages occur from these 
hemorrhagic erosions, while from true gastric ulcers due to erosion 
of large vessels fatal hemorrhages often originate. Hemorrhagic 
erosions heal without leaving macroscoi)icly visible scars; ulcus rotun-> 
dum, on the other hand, heals wdth intense cicatricial con- 
traction, which is the stronger the farther the ulcer has extended 
into the depth. Every intense cicatricial contraction is followed by con- 
striction of the stomach, as a result of which the latter may be divided 
into two parts, often unequal in size. This deformity is designated as hour- 
glass contraction of the stomach, because the stomach in this state has 
a certain resemblance to an hour-glass. In rare cases the cicatricial con- 
traction is so intense that the affected portion of the stomach is strongly 
stenosed (causing gastrectasis) or even impermeable. Occasionally ven- 
tricular ulcers develop from hemorrhagic erosions, when these become 
larger and deeper as a result of recidive. 

Tuberculous an<l typhoid ulcers of the stomach are very rare. 

Hernias, ruptures, are in great part due to congenital tendency or 
disposition^ (Anlage) ; partly they are acquired. Strangulation 

hernia is always caused by a disproportion of the contenta to the 
^'otjtinens, \^hich is manifest especially in the region of the neck of the 
hernial sac. The sequelae of every internal strangulation are the same as 

volvulus and intussusception (obstruction of the 
J’ltestine by foreign bodies, stricture from cicatricial formation, 
’^^Hrked stenosis from tumor; abnormal position, par- 
t‘ailarly axial torsion, noose formation, kinking) : namely, 

^ Sec Malformations, p. 199 . 
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intestinal occlusion, regurgitation of the intestinal contents into 
the stomach, and peritonitis. 

G>ngenital hernial apertures may become closed by mild peritonitic 
states; sometimes they heal when a well-fitting truss is early applied. 
Frequently, of course, only diminution in the size of the hernial aperture 
occurs. The aperture is thus rendered less yielding and consequently the 
danger of incarceration is increased. 

The most frequent form of rupture is inguinal hernia. It is usual 
to distinguish an external, or indirect, and an internal, or direct, form ; the 
latter lies nearer the middle line internal to the deep epigastric artery 
and follows a quite straight and short course through the abdominal cov- 
ering ; the external form enters the internal abdominal ring, has a longer, 
diagonal canal ; both protrude at about the same point. 

When ingesta enter an incarcerated portion of intestine, such an 
alteration of the contents and of the intestine may occur that the con- 
tents cannot pass out and the rupture cannot be reduced. The danger 
of this state consists in an acute peritonitis which starts from the upper 
part of the intestine in front of the incarcerated portion. Phenom- 
ena of strangulation: congestive hyperemia up to hemorrhage 
(black-red appearance), develop in the rupture, but no gangrene; in this 
stage the rupture is still viable; soon, however, more or less intense 
watery secretions (so-called hernia water: aqtia herniosa) occur from 
the surface into the intestine and the intestinal wall ; hemorrhagic admix- 
tures gradually develop. Bacteria from the intestinal lumen enter the 
hemorrhagic areas in the mucous membrane and a more or less distinct, 
always localized diphtheria develops. The real danger begins with morti- 
fication, at first within the true line of strangulation, and then also in 
the whole incarcerated portion. With necrosis the possibility of the pene- 
tration of intestinal bacteria and finally of perforation is offered; the 
whole mass becomes doughy, wrinkled; bacteria penetrate the intestinal 
wall and produce an acute peritonitis. 

Intussusception (invagination) develops as a result of invagination 
of intestinal loops; this occurs frequently in children during the death 
agony, usually at a number of points, without any signs of inflammation, 
and is then always a simple agonal phenomenon. The intus‘susceptions 
occurring during life, which, as a rule, are fatal if not relieved by opera- 
tion, are to be distinguished from this form. A portion of intestine with 
its mesentery may be forced by intestinal peristalsis so far into the adjoin- 
ing, usually lower, intestinal segment that marked changes of position may 
result. The veins are strongly compressed by this invagination, and the 
lumen of the intestine is firmly closed. An inflammation which leads to 
agglutination develops at the point of invagination. In a favorable case 
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the invaginated portion may be cast off by a dissecting inflammation and 

be expelled with the feces. This is the only mode of spontaneous healing. 
Usually, however, fatal peritonitis, with or without perforation, 
results. The mucous membrane of the invaginated portion of intestine 
hemorrhagicly infarcted, discolored, and frequently diphtheritic or 
gangrenous. The greatest changes of position in intussusception are ob- 



Fig. 388. — Invaginatio ilci in cecum. % natural size. (After Langerhans,) 

served at the point of tran.sition of the small intestine into the colon 
(through the ileocecal valve). (.See Fig. v388.) 

Axial torsion (volvulus) of the intestine may occur in almost all 
portions of. the intestine, is most frequent in the small intestine and the 
^^igmoid, and is favored by abnormal length or laxity of the mcwsentery 
mesocolon. Torsion in the long axis occurs in the ascending 
colon and is favored by adhesions. Intense distention of certain segments 
gas or feces may easily lead to angular flexion and kinking. 
Old peritonitic adhesions sometimes act like a hernial aperture, when an 
^‘mpty intestinal loop passes through a small opening and then — frequently 
tinder axial torsion — ^becomes strongly filled. 
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In prolapsus ani the rectum, with the mucous membrane, protrudes 
externally. This occurs sometimes in chronic catarrhs and in conse- 
quence of very violent straining, especially when the sphincter ani 
is relaxed ; furthermore, in large tumors within the small pelvis. 

Acute gastric dilation with occlusion of the duodenum by the mesen- 
teric root, called also ‘‘duodenal ileus’' and “arteriomesen- 
teric occlusion,’’ was first described by Rokitansky in 1863. It 
almost always begins with vomiting of variable severity. The vomited 

matter is never feculent, but, owing to reflux of bile into the stomach, 
consists of watery material which at first is bile-stained, later brown from 
admixture of blood. Transudation and development of gas in the stomach 
may attain a marked degree in a short time. Passage of stools and flatus 
is usually suspended. With a few exceptions th^re is gradually increas- 
ing dilation of the stomach: the upper part of the abdomen is markedly 
distended, while the remaining portions are still soft and compressible. 
With further progress general tympanitic distention of the abdomen 
occurs. In some cases this gastric distention may reach the acme within 
twenty-four hours. The temperature is usually normal, but the pulse 
is rapid and small ; the patient goes into collapse and dies unless appro- 
priate treatment is adopted. At necropsy the stomach is enormously dis- 
tended, sometimes extending to the symphysis. There is no peritonitis 
and no secretion or deix)sits upon the intestines. The small intestines lie 
collapsed in the small pelvis, where they have been pushed by the distended 
stomach, and exert strong traction upon their mesentery. On lifting the 
stomach the duodenum also is found strongly distended up to the point 
where the mesenteric root passes over the horizontal segment. Here the 
duodenum is occluded, the tensely drawn mesenteric root with the superior 
me^nteric artery constricting the intestinal lumen. 

The etiology is a matter of dispute. Most authorities state that 
the traction upon the mesentery is due to paralysis of the stomach walls, 
the bowels being secondarily pushed downward out of the abdominal 
space by the dilated stomach, strangulation of the duodenum finally re- 
sulting from traction of the mesentery. Others claim that the duodenum 
is first strangulated, then dilated, and this is followed by gastric distention. 
Quite recently C. Weinbrenner^ has defended the possibility of primary 
strangulation of the duodenum. This view is comprehensible, he believes, 
when the anatomic relations at the point of occlusion are remembered. 
The superior mesenteric artery running in the root of the mesentery arises 
from the aorta at an acute angle, forming with the aorta a fork, open 
downward, through which passes the horizontal segment of the duodenum. 

^ Fortschritte der Medizin, 1911, No. 19, p. 433. 
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This portion of the duodenum, owing to fixation to the spinal column, is 
incapable of yielding to pressure, and in traction on the mesentery may 
be so compressed against the spinal column that its lumen is interrupted. 
If, for example, in the cadaver slight traction is made upon the mesen- 
tery above the promontory in the direction of the pelvic axis, the finger 
introduced through the jejunum into the duodenum will be constricted. 
While, according to Weinbrenner, it is conceivable that with certain length 
of the mesentery and an especial arching of the spinal column in dorsal 
position the weight of the empty collapsed intestines may exert traction 
which constricts the duodenum to a certain degree, he cannot imagine 
that this traction would suffice to effect complete occlusion unless the motor 
sufficiency of the stomach also was decidedly disturbed or some other 
factors were added which hold the intestines in the pelvis or in another 
manner continually aid the traction upon the mesentery. Landau and 
Rosenthal believe that the traction of the intestine hanging in the small 
pelvis may be aided and increased by the strongly distended urinary blad- 
der lying above the pelvic inlet. In a case observed by Albrecht the 
strongly distended transverse colon caused pathologic traction of the 
mesenteric root by encroachment of space, and in a case reported by 
Ilaberer the small intestine, which was firmly adherent in a large hernial 
sac, exerted traction, and by chronic constriction of the duodenum 
gradually produced a secondary hypertrophy and dilation of the stomach. 
In Weinbrenner’s case a tampon caused fixation and traction upon the 
mesentery^ , 

While primary paralysis and dilation of the stomach may cause duo- 
denal occlusion, and probably this is most frequently the case, the question 
arises why, in some cases of the highest degree of gastric dilation, occlu- 
sion is absent. Various explanations have been offered, such as lordosis 
of the spinal column, defective position of the mesentery, especial form 
of the duodenum, ^a more horizontal course of the inferior portion of the 

^The tampon, which was used to check diffuse hemorrhage after adnexa 
operation and subsequent fixation of the uterus to the abdominal wall, had been 
passed downward over the posterior surface of the uterus apd so fixed a loop of 
intestine between the uterus and the promontory as to caffse traction upon the 
mesentery in a manner analogous to that described above as occurring in the 
cadaver. Gastric distention became enormous in a short time; large amounts of 
bilious, but «ot feculent matter were vomited ; the pulse became small and frequent 
(142), and rapid decline occurred. In brief, the case was desperate, death appear- 
ing imminent within a few hours. When, as a last resort, the patient was placed in 
me genupectoral position, vomiting ceased at once; after about a minute much 
natiis was spontaneously expelled through the anus; the intestinal activity was 
i'timulated by encmata, and, after three-quarters of an hour, when the patient was 
‘■^placed upon the back, the abdomen was flat and soft, the pulse strong, falling 
within a few hours to 110. Vomiting did not recur; the appearance was favorably 
' hanged, and, aside from some eructation, nothing remained in the succeeding days 
recall the previous serious state, which without change of posture would have 
terminated fatally. 
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duodenum over the spinal column, mesenteric malformation, etc., but all 

these attempts at elucidation have insufficient anatomic basis to satisfac- 
torily answer the problem. 

General dilations involve most frequently the stomach: gas- 
trectasia. The latter is very rarely caused by stenosis of the pylorus ; 
it develops more frequently in habitual overloading of the stomach. 
The stomach wall becomes thickened by new formation of elements, 
especially the muscular is, next the mucosa and serosa. The dilation 

may be so enormous that the greater curvature touches the symphysis. 
This change sometimes produces the phenomena of intestinal occlusion, 
when, as a result of the dilation, the upper horizontal branch o.f the duo- 
denum acquires a perpendicular direction, i.e., forms an acute angle with 
the descending branch (kinking), or when, as a result of the intense 
dilation and filling, the lower horizontal branch is compressed at the point 
of passage through the radix mcsentcriL 

Megacolon is divided by II. ZoeplfeP into two types : truemega- 
colon {megacolon congenita id{opathica),2in(i pseudomegacolon. 
In the first group no mechanic impediments can be found in the bowel to 
explain the dilation and hypertrophy; in the second group — pseudomega- 
colon — ^liypertrophy and dilation of the bowel are secondary to abnormal 
length and volvulus of the colon. 

Partial dilations, diverticula, are more frequent than the diffuse 
ectases, and are congenital^ as wxll as acquired. The diverticula acqumta 
are usually situated in the large intestine and generally form small, 
multiple sacculations of pea- to hazelnut- size. The acquired diverticula 
of the esophagus are found in the commencement of the esophagus as 
circumscribed, sac-like dilations, sometimes even in front of the isthmus; 
they generally originate as the result of cicatricial contraction (according 
to Zenker, traction and pulsion diverticula are to be distinguished). In 
addition, there are more uniform and spindle-shaped dilations above cica- 
tricial constrictions and ectases without constriction. Diverticula of the 
duodenum are not rare; they are located in the pars descendens, in the 
neighborhood of the papilla, and directed toward the pancreas; they may 
attain the length of several inches. The papilla duodeni may be located 
beside or within the sacculated distention. 

In the jejunum and ileum, ^ multiple diverticula sometimes 
occur close to the mesenteric attachment, where, as in the colon* 
the larger vessels penetrate the muscularis. Gastric diverticula 

1 Virchow’s Archiv, Bd. 198, p. 119. 

2 See Diverticulum Meckelii. 

® See Malformations. 
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are very rare and, likewise, are situated at the point where the larger 

vessels pass through the muscularis, i.e., at the curvatures. 

Among the tumors in the digestive tract, primary carcino- 
mat a are most frequent. Their seats of predilection are those naturally 
narrow localities which usually are subjected to surface irritation (mouth, 
esophagus, cardia, pylorus, ileocecal valve, cecum, hepatic and splenic 
flexures of the colon, sigmoid flexure, rectum, and anus). These carci- 



Fig. 389. — Stenosis carcinoniatosa recti. % natural size. (After Langerhans.) 

nomata very frequently lead to stenoses. In the stomach', and intestine, 
adenomata (see Figs. 390 and 391) and adenocarcinomata^ are com- 
paratively frequent. Besides, sarcomata occur upon the tongue and 
in the stomach, and in the stomach lipomata (in the submucosa), 
myomata (in the muscularis), and fibromata. At the anus, hem- 
orrhoids are the most frequent change. Metastatic tumor-nodules are 


^According to S. T.ivierato (Centbl f. Bakt., Bd. 55, H. 6), gastric juice of 
wealthy human subjects injected subdurally into healthy guinea'-pigs exerts no toxic 
fiction even in doses of 1 c.c., while gastric juice of subjects suffering from gastric 
injected in the same manner produces marked toxic symptoms in a dose 
>1 U.l c.c. If guinea-pigs are first treated with watery extract of mammary car- 
moma and subsequently subdurally injected with the minute amount of 0.05 c.c. 
E stnc juice marked anaphylaxis develops. 
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rare, most frequent in the stomach in carcinoma of the esoj^gus, in tiie 

duodenum in carcinoma of the pancreas, and in the rectum in carcincmia 
of the uterus. 

Gastric carcinoma^ (see p. 291) is one of the most frequent affec- 
tions. According to the statistics of Reiche^ on the mortality from carci- 
noma in the city of Hamburg in the years 1872-1895, of 4759 carcino- 
matous affections 2387 (50.2 per cent.) involved the stomach.^ According 
to other statistics, 0.5 to 2.5 per cent, of the total deaths are due to gastric 

carcinoma.^ 

Other neoplasms of the stomach {c,g,, sarcomata, lymphadenomata, 
fibromata) are rare. Sarcomata of the stomach are relatively most fre- 
quent, Schlesinger*'* and Mintz® having collected 43 cases observed 
anatomicly and clinicly. As to the anatomic character of the sarcomata, 
most of them were lymphosarcomata, or round-celled sarcomata, though 
spindle-celled, fibro-, myo-, and myxo- sarcomata have been recorded. 
Gastric sarcomata may be primary or secondary, most frequently the 
former. The primary forms originate from the muscularis or submucosa, 
and do not at first involve the mucosa. With advance of growth, however, 
the mucosa, owing, no doubt, to tension and mechanic injury by the 
ingesta, soon becomes the seat of excoriations, which may result in partial 
disintegration of the neoplasm. The sarcomata usually exceed in size 
the carcinomata; they may attain very large dimensions, as in a case of 
myosarcoma observed by Brodowski,^ in which the tumor weighed 12 
pounds. ^ 

According to Th. Voeckler,® over 100 cases of so-called primary 
carcinomata of the appendix have been reported. The tumors are small, 
generally situated at the tip, rarer in other localities, and usually manifest 
the solid alveolar form of carcinoma. Milner has recently combated such 
an interpretation of the peculiar tumors which usually occur in young 
subjects and form no metastases. He regards these as neoplasms originat- 
ing from inflammatory proliferation of the endothelia of lymphatic ves- 
sels, or of the epithelium of pathologic ingrowths of the mucous mem- 
brane. The cases described as alveolar carcinomata greatly resemble the 
solitary and multiple tumors of the submucosa of the small intestine, 
recently described by Oberndorfer, which were composed of epithelial 

IH. Leo, Sitzungsber. d. Niederrhein. Gcsell. f. Natur. u. Heilk. zu Bonn., 
Nov. 16, 1903. 

2 Deutsch. med. Woch., 1900, p, 135. 

2 See footnote, p. 287. 

^ Ewald, Krankh. des Magens, 3te Auf., p. 303. 

^Zcitsch. f. klin. Med., 1897, Bd. 32, p. 179. 

« Berlin, klin. Woch., 1900, p. 708. 

^Virchow's Archiv, Bd. 67. 

8 Deutsch. Zeits. f. Chir., Bd. 105, p. 304. 



DIGESTIVE TRACT. 


777 


cell-nests separated by muscle elements, and bistologicly were undoubtedly 

cardnotnata. On the other hand, the fact that these carcinomata, in 
contradistinction to appendicular carcinomata, attack almost exclusively 
individuals of advanced years, and that with these small and frequently 
multiple tumors of the small intestine a tumor has thus far never at the 
same time been found in the appendix, precludes for the present identi- 
fication of the tumors. Also, the case described by Lejars as recurrent 
alveolar carcinoma of the appendix cannot be admitted as established, 
because the possibility of the existence of a primary carcinoma of the 
cecum cannot be excluded. Therefore, the question whether the cases 


Fig. 390. — Glandular polypus of the intestine, a, transverse section of the 
gland tubules; b, longitudinal section of bronchial glands; r, richly cellular 
stroma. X 80. (After Ziegler,) 

described as alveolar carcinomata of the appendix were genuine carcino- 
mata must l>e regarded as undecided. Such tumors may, according to 
\'oeckler, be provisionally designated as “carcinoids."’ 

Several cases of sarcoma of the appendix have been reported. ^ 
Animal parasites remain in the stomach only tem|>orarily. On the 
<^'ther hand, the intestine is the abode of numerous parasites, especially 
of tape-worms, of the spool-worm {Ascaris lumhric aides') ^ of intestinal 
trichinse, of the whip-worm, oxyuris, ankylostomum, Cercomonas intesti- 
iialis, Trichomonas intestinalis, Balantidium colt, Amoeba coli, etc. Balan- 
lidiitm coli may produce marked intestinal lesions (ulceration), and death 
result from perforation. (See Animal Parasites, p. 356 et seq,) 
Amyloid degeneration occurs quite frequently in the gastroin- 


^ Powers, N. Y. Med. Jour., Jan. 7, 1911. 
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testinal canal (see p. 146), and is a concomitant of general amyloid 

degeneration. The small intestine is most frequently affected, next the 
colon, seldom the stomach, tongue, and esophagus. The affection always 
begins in the small arteries of the mucosa and submucosa; often these 
alone show amyloid degeneration. Then the capillaries of the mucosa be- 
come involved. The affected portions are, as a rule, pale, often markedly 
mottled, red, and pale. In marked amyloid degeneration of the intestine 
the change can be recognized with the naked eye by the strikingly trans- 

parent, swollen, somewhat granular and peculiar dull to dry state of the 



cu 


Fig. 391. — Villous papillary fibroadenoma of the rectum. I. Moderate 
magnification; a, submucosa. II. Tubule lined with cylmdric epithelium; 
highly magnified. (After Kaufmann.) 

mucous membrane. Then not only the vessels, but all the villi, of the 
small intestine usually present amyloid degeneration. As a rule, however, 
a specific stain or microscopic examination is required in order to render 
the diagnosis positive, especially from the pylonis upward, • In severe 
amyloid degeneration the function is very greatly affected; on the one 
hand, digestion and absorption are diminished, and, on the other hand, 
there is a tendency to diarrhea. 

From an examination of a case of primary pneumococcus phlegmon of 
stomach and 30 cases of pathologicly altered stomach, Munter^ concludes that 


1 Virchow’s Archiv, Bd. 198, p. 105. 
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hyaline material originates in the different organs in various affections from various 
elements and as the result of various causes. Hyaline substance occurs in the 
stomach and intestine principally in the form of hyaline corpuscles, rarer as hyaline 
transformation of the walls and contents of blood-vessels. The ordinary hyaline 
bodies located in the connective tissue of the gastric mucosa originate from acido- 
phile cells and not from plasma cells. The acidophile cells he regards as derivatives 
of polynucleated leucocytes, probably after incorporation of erythrocytes and 
utilization of their hemoglobin under the influence of various conditions (infection, 
thermic influences, defective blood-supply). Direct or indirect transformation of 
mast-cells after transformation into acidophile cells does not, according to him, 
occur. The hyaline corpuscles in the stomach, though inconstant and scanty, occur 
in Itrge numbers with relative frequency in atrophy of the gastric mucosa, espe- 
cially in cases of pernicious anemia, liver cirrhosis, and in polypi; less constant, 
although sometimes more profuse increase has been described in phlegmon and car- 
cinoma, and occasionally in ulcers and proliferative inflammation. 

PERITONEUM. 

The i>eritoneum should not be considered as an entity. Every peri- 
tonitis is originally a concomitant affection of the peritoneum. (See 
Tuberculosis, p. 460.) If fluids are exuded, these change their posi- 
tion ; only such exudates as are firm remain at the point of origin or 
affection. Inflammatory exudates which tend to coagulate are derived 
principally from organs which have a peritoneal covering (liver, spleen, 
ovaries, uterus), while the watery exudations are furnished chiefly by the 
richly vascular omentum. 

In the abdominal cavity, three forms of secretions are distingpiished 
according to the cofliposition : — 

1. Watery secretions: ascites. (See p. 96.) 

2. Fibrinous secretions, which are characterized by the formation of 
coagula. 

3. Richly cellular secretions: — 

(a) Hemorrhages. 

(b) Suppurations. 

In simple watery secretions (hydrops frigidns of the ancients, 
ascites), no essential changes occur in the peritonetim. The epithelia 
^well and desquamate freely, especially after death. In fresh cadavers 
the fluid may be absolutely free from solid constituents. Admixture of 
solid constituents is generally an indication of the presence of irritation. 

Ascites is a passive process which is caused by congestion in the 
portal vein area. Under certain circumstances, of course, the portal 
vein may be obliterated without the occurrence of ascites. The portal 
vein has numerous anastomoses: for example, only part of the vessels 
f>f the uterus go to the portal vein, a part to the inferior vena cava. In 
interruption of the current, the blood may flow from the portal vein by 



780 


PERITONEUM. 


way of these collateral channels into the inferior vena cava. The same 
relations are repeated in the upper abdominal region. The collateral 

channels are of varying width, inasmuch as great variations occur in the 
vascular apparatus. Congestive processes in the portal vein are chronic 
in proportion to the changes in the liver. 

The alterations of the liver which cause ascites may be primary 
(protopathic) and secondary (deuteropathic: e,g,, in cardiac 
diseases). In both instances the change of the vena porta is due to the 
inability of the blood to flow off through the liver. Congestion and dila- 
tion occur especially in the splenic vein. Ascites itself originates princi- 
pally from the omental vessels, secondly, from the intestinal vessels. 

Cardiac diseases which cause congestion produce not only ascites, but 
hydrops of the whole body: anasarca. 

An acute hydrops develops in hernias as aqua hcrniosa, hernia 
water, between the protruded portion of the peritoneum and the pro- 
lapsed intestinal loop ; here the disturbances in the venous circulation are 
most strongly manifest in the intestine, owing to constriction of the veins 
inside of the hernial opening. The hernia water is at first clear; later, 
it may become red by admixture of blood. 

The abdominal cavity belongs to the sacs which in the normal state 
should contain no fluid. The total exudation of water is said to l>e so 
slight that it only moistens the surfaces and facilitates movements of the 
organs. Every measurable quantity of fluid in the peritoneal cavity is 
really an ascites. 

In hydrops calidus,^ in addition to fluid, inflammatory phenomena 
are found in the peritoneum; hence, ascites inflammatorius, or peritonitis 
serosa. In this condition the omentum is generally altered: onieii' 
tit is. This hydrops calidus occurs as simple peritonitis, in chronic 
tuberculous peritonitis, and in carcinomatous peritonitis. 

Chylous ascites {ascites chylosus) is distinguished from the forms 
already mentioned by the fact that chyle is found in the abdominal cavity. 
Chyle is an emulsion the fat-droplets of which are so minute that they 
are barely recognizable as puncta. In ascites chylosus chylorrhagia^ 
occurs without any demonstrable evidence of an aperture or perfora- 
tion (just as little* as in hemorrhage by diapedesis). As a r^ule, asdics 
chylosus indicates the bejginning of an inflammatory process. This 
still more the case in ascites lymphaticus, which coagulates spontaneously 
in the air, but never contains fat in minutest subdivision, as does asdics 
chylosus. 

In ascites chylosus and lymphaticus there are distinct phenomena oi 


I Calidus: warm. 
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irritation, but never fibrin. If fibrin is exuded, this is always evidence of 

the presence of fibrinous inflammation: peritonitis fibrinosa. The latter 
leads, as a rule, to cohesion and later to firm adhesions. This phenom- 
enon is most marked in the greater omentum: omentitis fibrinosa ad- 
licesiva. Part of the omentum may be adherent to the surface of the 
spleen, uterus, ovaries, or with another portion of the omentum itself. 

In this event the omentum is frequently pushed upward and lies in 
folds ; the individual folds thus produced become adherent in consequence 
of the fibrinous exudation. The omentum thus gradually becomes short- 
ened and thickened until it finally lies as a thick, firm cord upon or above 
the transverse colon. In organization of the fibrin the latter is substituted 
l)y connective tissue; this is associated with active vascularization in all 
jiarts of the omentum. 

These processes are frequently observed in eruption of tubercles and 
ill disseminated carcinoma metastases. 

Chronic thickenings of the peritoneum develop principally as the 
result of chronic or recurrent fibrinous inflammations which frequently 
are associated with proliferations in the surface or organs. These thick- 
enings are either partial, macular, nodular, or general; they sometimes 
have a more fibrous, sometimes a more semicartilaginous, consistency: 
callus fibrosus (fibrous callosities). As a rule, diminution in 
size and disturbance of function are associated with this, e.g., .sterility 
due to superficial fibrous oophoritis. These are sclerotic 
processes which do'*not reach the high degree in hollow organs — in the 
gastrointestinal canal — as in the other organs. Here the surface of the 
gastrointestinal canal is sometimes occupied by small growths and fim- 
])rire: peritonitis villosa; these may contribute to increase the exudation. 
Villous peritonitis is sometimes observed in tuberculous processes. 

In purulent peritonitis micro-organisms are always present in the 
pus. These may enter the abdominal cavity through a perforation or 
through continuity of the tissues. Not rarely in the female sex the Fal- 
lopian tubes are the portal of entrance, frequently in gonorrheal salpingitis 
‘UkI in the puerperium. Occasionally perforation may occur without the 
development of purulent perforative peritonitis, e.g,, in perforation by 
needles whtn these pass very slowly through the wall, leaving no holes. 

Aside from bacteria, animal parasites, especially round-worms, pene- 
hate the intestinal wall and enter the abdominal cavity without discov- 
‘ ^able perforation or subsequent purulent peritonitis. In trichinosis — 
invasion of trichinae, which likewise make no true openings — ^irritative 
•hites exist in the interior and exterior of the intestine; even fibri- 
^^ous peritonitis may develop externally. 
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In deeply extending ulcerative and gangrenous processes of the intes- 
tinal wall, vegetable parasites may very easily enter the abdominal cavity 
in the absence of perforation through the defective intestinal wall and 
produce purulent peritonitis. 

In every purulent peritonitis a local point of origin should always be 
sought ; such, however, cannot always be found. The most frequent local 
affection is perityphlitis (appendicitis); in rare cases chronic 

diverticula may be the source of peritonitis in a manner similar to the 
vermiform appendix, when ulcerative destruction and suppuration of the 
sacculated (diverticulum) |)ortion of the intestinal wall have occurred. 

Pure purulent pcritonitides are rare ; as a rule, the condition is one of 
mixed, fibrinopurulent exudations: peritonitis fibriuopuru- 
Icnta, In perforative peritonitis occurring in connection with gastric or 
duodenal ulcer, innaiiimations of the vermiform process, trauma (crush- 
mg, gunshot wound, or stab wound), perforation of the stomach or small 
intestine by swallowed, sharp-pointed foreign bodies, tuberculous or 
typhoid ulcers, etc., other masses, especially particles of food or feces, 
are usually found in the abdominal cavity in addition to the fibrino- 
purulent exudate. In this case the exudate may have a distinctly fecal 
odor and sometimes even a fecal color: peritonitis stercoralis, 

Lennander emphasizes the hopeless prognosis of those cases of peritonitis in 
which the serosa is reddened and deprived of its endothelium, the intestine paralyzed 
and distended, and the amount of pus insignificant, as compared with those cases in 
which the intestinal serosa, although bathed in pus, is pale and smooth. The great 
danger, according to Lennander, lies in rapid occurrence of alteration in the con- 
tents of the ileum and of the intestinal coats, whereby the toxicity of the former 
is increased and the intestinal walls so altered that they cannot prevent penetration 
of the micro-organisms. The scqiielas of intestinal paralysis arc, therefore, in- 
creased general intoxication from resorption of a toxic intestinal content and 
augmented general infection from migration of intestinal miertbes into the lymph- 
and blood- vessels. Intestinal paralysis may be induced also by intense cooling of 
the intestine on exposure during operations or in injuries. The most grave pcri- 
tonitides are the dry forms progressing with severe general symptoms. The general 
infection (intoxication) dominates the pathologic picture. On the basis of the 
active resorption an exudate worthy of note cannot form; what is found may be 
regarded almost as a culture of one or more species of microbes. In dry peri- 
tonitis Lennander not infrequently received the impression that the irrfection and 
inflammation spread along the subserous lymph-channels, exactly as in erysipelas 
of the skin, for which reason he designated the process as erysipelas peritonei. As 
a result of the drying, and also of the manipulations at operation, part of the endo- 
thelial cells die. It is always important to remember that the bacteria collect upon 
the serous surfaces; in examination, therefore, tissue scraped from the serosa 
should be used. As regards the significance of the Bacterium colt commune, Len- 
nander is still in doubt, although he recognizes it as virulent and pyogenic. Here 
it is a question of infection by continuity, the microbes growing along the lymph 
channels of the intestinal wall and through the intestine into the peritoneal cavity. 
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There may be mono- or poly- infection. In the blood of the heart of a case he 
found a streptococcus and a bacillus resembling the Bacterium coli commune. 
Seliger has showiii that, by migration through the intestinal wall, the Bacterium 
coli commune becomes pathogenic and its virulence is increased. According to 
recent investigations, the colon bacillus is the principal germ, and the development 
of peritonitis is supported not by inhibition, but by hastening of resorption. Peiser 
made methodic blood examinations in experimental bacterial infections of the peri- 
toneum, cultures of Bacterium coli commune usually being employed, and found a 
decided inhibition of bacterial resorption four to six hours after infection. If the 
body is too greatly weakened to retard resorption, the attracted phagocytes and 
alexins are consumed even in the body (e.g., by the amount of bacteria injected 
directly into the blood-channels during the experiment) ; countless increase of the 
bacteria occurs in the abdominal cavity, and the body succumbs under the manifesta- 
tions of peritoneal sepsis. 

As regards the central nervous system, P. Seliger^ states that the patho- 
logic effects of the colon bacillus may be produced in two ways: either the toxins 
elaborated by the bacilli penetrate the brain and spinal cord, and there undergo a 
union with certain cells which is damaging to these structures, or the bacteria 
themselves migrate to the central nervous system and there manifest their patho- 
logic action. He draws attention to the fact that the colon bacillus very frequently 
causes disturbances of the central nervous system. Here he raises the disputed 
question under what conditions the germ, which is almost always saprophytic, 
becomes pathogenic. He quotes Moll as saying “Why the Bacterium coli, which, 
us a rule, is an intestinal parasite, produces in certain cases severe affections of the 
bladder and from there gives rise to severe general infection (colisepticemia) is 
still obscure/' According to Lindemann,^ protection against the bacterium is pro- 
vided principally by the living epithelial cells of the intestine. In W'redens's experi- 
mental investigations, f*very injury of the epithelium of the colon in the region of 
the prostate or higher was followed by cystitis. In infection of the urinary 
l)as.sages the colon bacillus of the intestinal tract plays a role, entering the bladder 
from the colon through the lymphatic current. Penetration of the intestinal wall 
by the bacteria and their migration into adjacent parts may easily be explained if, 
either at a circumscribed focus or over a large area of the intestine, alterations 
exist which cause ir^erruption of the continuity of the intestinal mucosa. Cop- 
rostasis, whether due to mechanic causes, volvulus, invagination or inflammatory 
alterations (ileus paralyticus^, also is mentioned by Seliger. The pathogenic 
action of the colon bacillus is referred by Denys and von den Bergh*'* to a lesion of 
the intestinal tract which makes possible resorption of the /toxin; this produces 
hyperemia and desquamation of the epithelium and thus causes greater resorption 
of the bacilli or their products. As proof of the affinity of the colon bacillus or its 
toxins for tlje central nervous system, Seliger refers to the great frequency of con- 
vulsions in intestinal irritation in children and to the presence of colon bacilli in 
the cerebral serum, and Roskoi<^ mentions the frequent occurrence of eclamptic 
attacks in connection with coli infection of the urinary passages in children. Semon 

^ Fortschritte der Medizin, 1911, No. 26, p. 607. 

2 Ibid., No. 23, p. 536. 

* Prager med. Woch., No. 39, p. 501. 

I Med. Klinik, 1910, p. 1255. 

® Deutsch. med. Woch., 1910, No. 6, p. 160. 

« Med. Klinik, 1910, p. 1376. 
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observed polyneuritis and Korsakoff’s psychosis following cdipyelHis during 
gravidity. MolP saw colimeningitis (Bacterium coU in pus from the brain) follow- 
ing colicystitis. Lindemann observed in infants a leptomeningitis due to the BacilUu 
colt, and also stupor, delirium, and convulsions in colisepsis. Especially the so<called 
intestinal convulsions of children, observed in great flatulence and meteorism of the 
intestine, appear to And explanation here. 

An already existing chronic adhesive peritonitis may be converted 
into a purulent process when the pus collects within the adhesive bands 

or Upon the surface and forms sacculated (encapsulated) foci. These 

may rupture from without into the interior of the intestine. This, then, 
is an ulcerative peritonitis perforating from without, in which the ex- 
ternal layersi of the wall are usually more extensively destroyed 
than the mucous membrane. This form is often produced by foreign 
bodies (metals, etc.), which are the carriers of infectious material. Extra- 
uterine pregnancies also produce peritonitis in the true pelvis {peritonitis 
pelvica) and sometimes terminate in perforation into the intestine, so 
that macerated fetal parts break through and are discharged with the 
purulent stcx)ls. As intestinal ulcers in general manifest no tendency to 
suppurate, every purulent stool should arouse the suspicion of the exist- 
ence of abdominal or extraperitoneal suppuration. 

Purulent peritonitis, by gradual and continuous extension, may be 
followed by malignant pleuritis and finally also pneumonia (per contigui- 
tatem), or the infectious germs enter the blood-channels through the 
peritoneum and produce metastatic abscesses in various localities, c,g., in 
the lungs. 

The chemic, toxic substances derived from the micro-organisms pres- 
ent in purulent peritonitis cause paralytic states of the intestine through 
action upon the muscularis, so that peristalsis ceases and the intestine 
becomes strongly distended with gas: tympanites. 

The chief point of origin of perityphlitis is the vermiform process 
(appendix). This has a quite variable position and length; sometimes it 
runs horizontal, sometimes parallel, with the ascending colon; sometimes 
it extends into the true pelvis, and occasionally it is retrocecal. The nor- 
mal position is the right iliac fossa. 

The vermiform appendix is oftener assumed to be absent than really is tho 
case. Examination during life cannot serve as proof of lack of the appendix, since 
it may have been completely destroyed in an inflammatory mass ; even in a cecum 
which is neither inflamed nor thickened it may be concealed beneath the serosa, 
incision of which reveals it. In several instances the appendix has been fouiwl 
intussuscepted into the cecum. 


^Loc. cit., p. 502. 
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The causes of perityphlitis are variable ; usually it is an ulcerative 
process caused by the presence of concrements (stones, coprolithiasis ; 
see p. 143). As a rule, these stones in the vermiform process are elon- 
gated in shape and laniellaled in structure (see Fig. 392); they are of 
the same composition as hard fecal masses (scybala^), contain feces, 
epithelia, and pus-cells, and are bile-stained. Disposition for stone forma- 
tion is favored principally by undigested ingesta, rarely kernels and 

stones of fruits which enter the vermiform appendix from the cecum 
and are there retained by unfavorable position, narrow opening, etc. 
These stones cause inllamniations, afterward ulcers, tlieii perforation, and 
finally peritonitis. Inflammation, ulceration, peritonitis, and perforation 
may develop in an entirely similar manner from retained fecal masses or 
foreign bodies in diverticula of the colon. The essential cause of the 



suppurative inflammations are micro-organisms, particularly the Bacillus 
coli communis, streptococci, and staphylococci. 

The cccum is n»t entirely covered by ]>eritoneum, the posterior sur- 
face always bordering on retroperitoneal adipose tissue. In perforation 
0 f the cecum posteriorly, retroperitoneal phlegmon develops. 
This not infrequently occurs also in connection with inflammation and 
perforation of the vermiform appendix. 

In simple catarrhal secretions in the vermiform appendix, retention 
of the catarrhal material, dilation and cystic formation may occur: 
cystis mucosa. In this condition obliteration of the portion in front 
of the cyst frequently occurs. On the other hand, the narrowing, which 
often develops fron^ cicatricial contraction, following ulcerations may be 
the cause of the retention. When the vermiform appendix is strongly 
diMendcd l^y accumulation of mucus and the contents stagnate for a long 
the mucous material usually becomes more watery and liquid in 
^Consistency, so that the dilated vermiform process appears to be filled 
With water. This change is designated as hydrops cysticus processus 
7'rrwnyormfjr, or dropsy of the appendix. (See Dropsy, pp. 97 
and 755.) 

^Skybalon: excrement; hard fecal matters dejected in hard lumps. 

60 
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Hemorrhages develop in the abdominal cavity:— 

1. From rupture of the vessels, c.g., ectopic pregnancy, in 

contusions and penetrating wounds. Rupture of the spleen and liver are 
especially dangerous, owing to the profuse bleeding. Rupture of an 
aneurism of the abdominal aorta or other large vessel also generally 
results in fatal hemorrhage. 

2, From inflammations: hemorrhagic peritonitis. The 

extravasates frequently originate from new-formed vessels. These have 
a very thin wall and, therefore, rupture very easily on variations in blood- 
pressure. Large blood tumors : hccmatoma rctroutcrinum and rctrovesicalc, 
may thus finally develop in the cavum rctroutcrinum in the female and in 
the cavum rctrovesicalc in the male. Here the peritonitic phenomena are 
more or less obscured. (See p. 213.) 

In the abdominal cavity small fat-lobuli occasionally separate from 
the surface of the colon (the so-called appendices epiploiccc) and omen- 
tum, after axial torsion and erosion of the aflPerent vessels. After a time 
these free lipomata usually t)ossess a thick, hard peripheral layer and a 
lipomatous nucleus. Cystoid transformation of the fat-tissue frequently 
occurs in the interior of these bodies as a result of disintegration of the 
fat-cells and liberation of the fat they contain; on incision the fat then 
flows out as an oily mass. On long duration this fat may also be absorbed 
and a cyst develop. 

Air sometimes enters the peritoneum at operations and in trauma, 
uniformly infiltrating, as it were, the tissues. This, emphysema is to 1)0 
distinguished from the cadaveric form produced by putrefaction and from 
gaseous emphysema due to the Bacillus aerogenes capsulatus. 

Tumors. — The retroperitoneal adipose tissue often is the point of ori- 
gin of lipomata, while lymphomata and lymphosarcomata may develop from 
the retroperitoneal lymph-glands. Pedunculated fibromata, which occasion- 
ally attain the size of a hazelnut, also considerably larger (up to the si/.c 
of a man^s head), sometimes develop from the subserosa of the stomach 
and intestine. Carcinomata of the peritoneum are principally metastatic 
tumors; primary carcinomata, psammocarcinomata, and endotheliomata, 
however, also occur. Colloid carcinoma (see p. 285) is frequently 
primary in the peritoneum. ^ 

Of the parasites in the abdominal cavity, Echinococcus and Cy v//- 
cercus cellulosce are very rare. Besides these, Pentastomum denticulatuf^h 
Oxyuris, Ascaris, and Filaria sanguinis have been observed. 



LIVER AND SALIVARY GLANDS. 

LIVER. 

The liver is a large gland composed of a number of small lobuli (acini) 
which have the same structure in all parts of the organ, and, exposed to the same 
influences, all of them frequently present the same pathologic manifestations. Thus, 
pathologic states often involve the whole organ and always occur in very distinct 
form in the same portion of the acinus. Also, physiologic fatty infiltration, for 
example, very commonly is macroscopicly so distinct that, from the experience 
which teaches that the peripheral rone of the acini is its site of predilection, one 
might be led to conclude that wherever the characteristic yellow color of fat is 
observed this indicates the peripheral zone of the acini. True as this often is, 
there are occasional exceptions, and in these the false conclusion here mentioned 
as an example would lead to error. 

The vascular system of the liver is very complex, the great volume of venous 
blood serving for function being conveyed from the so-called hepatic circulation 
through the portal vein, while nutrition with arterial blood takes place 
through the hepatic artery. 

After entering the liver the portal vein branches and finally divides 
into capillaries within the acini. These capillaries penetrate the acinus from the 
periphery toward the center, where they unite to form the central (intra- 
lobular) vein, the blood of which flows to the hepatic vein. The liver-cells 
within the acini rccewe blood solely from the portal vein. The hepatic 
artery, the branches of which pi)ssess numerous anastomoses, supplies the walls 
of the blood-vessels (hepatic and portal vein and hepatic artery), the bile-ducts, 
and the liver capsule. The blood of the hepatic artery is conveyed through the 
capillaries and corresponding venous branches into smali branches of the portal 
v('in. The blood of the hepatic artery, therefore, enters the capillaries of the acini 
indirectly, i.e., circuitously, by way of the portal vein : nowhere does the artery 
directly communicate by its capillaries with the ca]>illaries of the acini. Accord- 
ingly, the acini receive blood first only from small branches of the portal vein ; the 
latter, again, receive blood partly from the larger portal vein branches and the 
trunk of the portal vein, partly from the hepatic artery. When the portal vein is 
nccluded (compression, embolism, thrombosis) blood may he conveyed to the acini 
by way of the hepatic artery. The anastomoses between the portal vein and the 
In paiic artery explain why judgment of the sequel® of occlusion must depend 
cliicfly upon the locality of the occlusion. Occlusion of the smallest portal branches 
^*1 the point of entrance into the acini, i.e,, on the distal side of the anastomoses. 
P'< eludes collateral blood supply from the hepatic artery. 

The secretion of the liver is conducted through the biliary channels, which 
^’’•gmate within the acini, but soon leave the latter and run between them, 
tween the acini, usually united with the biliary ducts (see Fig. 393), are located the 
inches of the portal vein and hepatic artery, so that it may be stated as an axiom 
‘ It these three vascular systems, included in the term “portal vessels,*" always are 
t e r acinous, the small hepatic veins, on the contrary, i n t r a -acinous. 

(787) 
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The portal vessels form common strands which, like a cable, are united by a 
slight amount of fibrous connective tissue, which is derived from Glisson’s capsule 

and with this constitutes the only connective tissue present in characteristic 
arrangement in the liver under normal conditions. The hepatic 
veins (the intra-acinous as well as the large trunks) are not provided with such 
an adventitial sheath, and in this respect, as well as by the fact that they always are 

unaccompanied by another kind of ves.sel, they are distinguished from the corre- 



Fig. 393. — Lobule of rabbit’s liver, vessels and bile-ducts injected, a, 
central vein; h, b, peripheral or interlobular veins; c, interlobular bile-duct. 
(After Cadiat,) 

r 

spending portal vessels. Isolated fibers and a scanty number of spindle- and 
stellate- shaped (so-callcd Kupflfer’s) cells are found also within the acini aft^r 
careful removal (by brushing) of the parenchyma cells, but they never form a 
fibrillated tissue and, therefore, may ordinarily be disregarded. If, without 
employment of special methods for demonstration of individual fibers, even a sHgld 
amount of fibrous connective tissue is seen within an acinu'^, 
this may justly be regarded as abnormal. 

If a vessel is found anywhere upon the cut surface of the liver, knowledge 
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its anatomic position can be obtained only by determination of the above-mentioned 

numeric relationship. A solitary vessel belongs to the venous 
system; two or more, not separated by liver-tissue, be- 
long to the group of portal vessels. The largest vessel of this 
group is usually the portal vein; on the other hand, the strikingly thick walled 
artery is much smaller; the biliary ducts not infreciuently have a greenish-yellow 
color, due to cadaveric imbibition of bile. 

The larger hepatic veins arc further distinguished from the other vascular 

structures by the fact that their walls appear macroscopicly as though pierced 
with a fine needle; this is due to the fact that the numerous venulcc centrales of 
the adjacent acini do not first unite to form larger trunks, but enter directly the 
large vessel. Between are seen the ostia of the larger branches, as in other vessels. 
The limitations of the individual acini are noticeable in the normal liver only 



Fig. 394. — Section of a portal canal, a, branch of hepatic artery; v, 
branch of portal vein ; d, bile-duct ; I, /, lymphatics in the areolar tissue of 
Glisson's capsule which incloses the vessel. (After Schaefer.) 

in certain portions of the cut surface, i.c., when the portal vessels (several openings) 
are cut through, whijo the central portion of the acinus, in case it has been cut trans- 
versely, is characterized by the vein (solitary vessel!). Good sections of the ^icini, 
verticly to the vein, are obtained when incision is made in the direction of 
a small branch of the portal vein. 

In the human liver the individual acini are not ^separated by septa, 
as in the liver of the pig. Connective tissue in distinctly recognizable 
amount is^ found only in the neighborhood of the branches of the portal 
vein, as the so-called c a p s u 1 e o f G I i s s o n . 

The liver parenchyma is composed of the liver-cells. 

In diseases of the liver all the acini are generally involved; affec- 
tions limited to small areas are rare.^ 

Deviations in external conformation are partly congenital, partly ac- 
quired. The latter originate essentially as the result of death of certain 
parts and the persistence of compensatory enlargement of other parts. 
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When the liver is larger than normal, it is generally called hyper- 

trophic ; if it is smaller, atrophic. Three forms of atrophy are 

distinguished ; red, brown, and necrobiotic atrophy. 

Simple atrophic processes in which the whole liver becomes smaller 

as a result of diminution in the size of the individual liver-cells, and the 

vessels therefore more congested, present the form of so-called red or 
simple atrophy. In this condition the individual acini are small, and 

quite uniformly red on incision, while in the normal liver only the 

center of the acini appears red, the periphery grayish yellow as the result 
of physiologic fat infiltration. The srnallcr and more atro- 
phic the cells, the greater, as a rule, is the congestion of the capillaries, 



Fig. v395. — Brown atrophy of the 
liver. Fresh section. (Zeiss Apochr., 
16; Comp. Ocul., 4. After Langcr- 
hans.) 



Fig. 396. — Two liver- 
cclls with brown (in the 
illustration shown black) 
pigment from an atro- 
phic brown liver. (Zeiss 
Apochr , 16 ; Comp. 

Ocul., 8. After Longer- 
hans.) 


the color of the blood obscuring more and more the color of the 
liver parenchyma. 

In brown atrophy also the individual liver-cells and, therefore, the 
acini and the whole liver are smaller. The number of cells, however, is 
not diminished. The cells contain quite dark-brown, granular pigment, 
which at first is present only in the center of the acini around the central 
vein, later also in the intermediate and peripheral zones. In extreme 
cavSes the brown pigment imparts to the whole liver a peculiar dark-brown 
coloration. 

In contradistinction to these general atrophies stands that form 
which often attacks only one part of the organ, the termination of whiel) 
is necrobiosis of the affected; portion of the liver. Here the process 
fatty metamorphosis (see Fig. 399) and disintegration of the liver-cells. 
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The disintegration usually involves only individual areas, but may extend 

throughout the whole organ, as in acute yellow atrophy of 
the liver. The fatty metamorphosis is either primary, caused by 
direct nutritive disturbance, or secondary, which constitutes the sequela 
of parenchymatous inflammation. 

To the partial necrobiotic processes belongs lacing atrophy, 
due to pressure of a corset. The pressure compresses the vessels and 

thus leads to direct nutritive disturbances and disappearance of the 

parenchyma. In consequence of this, a furrow develops at the point of 
pressure. 

Partial atrophy as the result of pressure occurs also in nutmeg 
liver {hepar moschatum). The atrophy begins in the center of the 



Fig. 397. — Martvcd congestion of the liver with beginning nutmeg mark- 
ings, At the junction of the inner with the middle third of the acinus the 
atrophy of the Hver-cclls is farthest advanced. Fresh section. (Zeiss Apochr., 

16; Comp. Ocul., 4. After Langerhans.) 

acini and extends slowly toward the peri])hery. Nutmeg liver owes its 
name solely to the peculiar coloration of the cut surface, which has a 
striking resemblance to the cut surface of a nutmeg. (See Fig. 397.) As 
in the latter, reddish-brown alternates with yellowish-gray markings in 
peculiar dendritic form. So soon as the return flow of venous blood into 
the right heart is obstructed, congestion of the hepatic veins occurs. This 
congestion is accompanied by dilation of the capillaries in the central zone 
of the acini. The liver-cells are thus encroached upon, and their nutrition 
is disturbed. They become smaller and finally die by fatty metamorphosis, 
I’artly with the formation of brown pigment. The nonatrophied periph- 
eral portions of the acini may remain unaltered or, what is not infrequent, 
he the seat of fatty infiltration or fat retention. Nutmeg liver, therefore, 
denotes the condition of striate atrophy with intense engorgement of the 
vessels. 
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Slighter degrees of tx>ngestion are quite frequently observed in the 
liver; they occur in all pulmonary and heart affections which result in 

congestion. (See p. 42.) At first only widening of the capillaries in 
the central area is noticed as a result of greater engorgement. From this 
a permanent state gradually develops, so that the relation between the 

diameter of the capillaries and the width of the liver-cells is altered. The 
capillaries become wider — double and more times as broad as in the 

normal state— and the liver-cells gradually become narrower. While 

ordinarily the capillaries are scarcely as broad as the nuclei of the liver- 
cells, the capillaries and liver-cells may now be of equal width. The 
liver-tissue on microscopic examination thus acquires a reticulated appear- 
ance, the usually closely arranged liver-cells being widely separated. 

The liver is to a high degree capable of taking u]) fat ; the appropria- 
tion of fat is always associated with enlargement — swelling — of the 
organ, because the fat is deposited in the parenchyma. This fatty infil- 
tration occurs exclusively by way of the vena i)orta and generally in- 
volves only the cells of the peripheral zones of the acini. In this 
fatty infiltration of the liver-cells medium-sized and larger fat-drops are 
found in small number in the cells, while in fatty metamorphosis of the 
liver-cells only very minute fat-droplets are to be seen, which at first are 
isolated, but later rapidly increase in number. Under certain conditions 
a decision as to whether fatty infiltration or fatty metamorphosis is pres- 
ent may be difficult, especially when liver-cells which already are infiltrated 
with fat die by fatty metamorphosis, or when, as is ob 5 ,erved especially in 
children, under the action of medicinal doses of alcohol, the liver-cells 
rapidly become filled with fat. In addition to large, isolated drops of 
fat, the remaining space of the cell is sometimes filled with fat-drops of 
irregular size and partly with minutest fat-droplets. (See Fig. 399.) In 
simple, uncomplicated fatty infiltration the fat-droplets manifest a decided 
tendency to coalesce to form a single large drop within each cell. 

After every meal rich in fat a certain degree of fatty infiltration of 
the liver occurs which, however, under normal conditions, disappears 
within a few hours. This is, therefore, a physiologic fatty in- 
filtration. The pathologic state begins only when the deposited 
fat no longer disappears, but accumulates in constantly increasing, amount. 
This state is due to excessive infiltration and retention; here 
the cells, as the result of a kind of paralytic state, lose the ability to 
part with the fat. For fat retention occurs not only in very well nour- 
ished and very obese individuals, but often, indeed, also in very poorly 
nourished and greatly emaciated persons, e,g,, in consumptives. The 
highest degrees of fatty liver are characterized by considerable enlarge- 
ment of the organ in all its dimensions, with rounding of the anterior 
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sharp border; by smoothness of the surface and very firm consistency, 

and by a quite uniform, yellowish, smooth, and very opaque cut surface. 
The acini are enlarged and difficult of recognition; on incision an abun- 
dant deposit of oily f at is left upon the knife. This retention is favored 
by weakening, paralyzing ix>isons, for example, alcohol, and also by anti- 
mony and arsenic. In fatty liver the cells, even when they are filled a4 

maximum with fat, do not die ; they may remain in this state for a long 

time, while in fatty metamorphosis the organic structure is rapidly 

destroyed. 



Fig. 398. — rVesh section of the liver with form, small fat-clrop- 

peripheral (darker) fat infiltration and sev- lets (fatty metamorpho- 

eral (lighter) tubeAles in the periphery of the sis). (Zeiss Apochr., 16; 

acini. (Zeiss Apochr., 16; Comp. OcuL, 4. Comp. Ocul., 4. After 

After Langerhans,) LanyerJians,) 

f 

In the category of this last process belongs acute yellow atro- 
phy of the liver. This is observed most frequently in pregnant women, 
in severe ^sepsis and after phosphorus poisoning, seldom in severe 
H'terus (in occlusion of the ductus choledochus by gall-stones or tumors), 
^nid in syphilis; in some cases the cause cannot be discovered. The 
process begins with enlargement of the parts, due to accumulation of 
albuminates, as a result of which the cells acquire a strongly granular 
‘M>pearance. Although every cell is normally granular, it has, neverthe- 
kss, a quite clear appearance; not until the granules in the cell bodies 
become larger, more compact, and, therefore, more cloudy and less trans- 
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parent, as after phosphorus poisoning, does pathologic “cloudy swelling” 

begin. In this state parenchymatous hepatitis, the most fre- 
quent affection of the liver, the almost constant accompaniment of all 
severe febrile affections, develops. In acute yellow atrophy of the liver 
so-called fatty metamorphosis develops from this inflammatory cloudy 

swelling under partial substitution of the albumin granules by fat-drop- 
lets, With this the necrobiotic process begins, principally from the center 

of the acini. The cells disintegrate ; the markings of the acini are effaced ; 

the liver quite rapidly diminishes in size and becomes extremely flaccid. 
In this stage of the disease the external capsule of the liver is often 
slightly wrinkled. As this process is always accompanied by icterus, the 
liver acquires a strikingly yellow, sometimes a pale-green appearance. In 
simple cloudy swelling, in contradistinction to acute yellow atrophy, fatty 
metamorphosis is not always a necessary sequela; simple cloudy swelling 
may disappear by assimilation or secretion of the albuminous material. 

Acute yellow atrophy is distinguished from simple cloudy swelling 
by the fact that it is always followed by fatty metamorphosis; a large 
portion of the liver disappears completely, and the liver itself is greatly 
diminished in size. This acute yellow atrophy of the liver, which gen- 
erally progresses very violently under severe general symptoms (convul- 
sions, delirium, sopor, high fever, hematemesis, bloody diarrhea), may 
come to necropsy in very different stages. Often, when the course is 
very rapid, the whole liver is small, flaccid, cloudy yellow. Well-pre- 
served liver-cells are very difficult to find ; on micro^scopic examination, 
almost all the cells are disintegrated ; preserved liver-cells are found only 
in the periphery of the acini. In the later stage — in more chronic course 
— the liver is often irregular, rough, and nodular exfernally. The cut 
surface shows alternating dark-red and yellowish areas. The former 
sink in and contain scarcely any remains of liver-cells, while in the yellow 
areas liver-cells can still be recognized. In these cases the disappearance 
of the liver-cells has occurred uniformly. At a later stage proliferation 
of the portal connective tissue and of the epilhelia of the bile-ducts, and 
often also of the liver-cells themselves, starting from remnants of the 
liver parenchyma, is frequently observed, in addition to disappearance of 
the liver-cells. Sometimes the cellular proliferation is so intense that 
tumor-nodules (regeneration, adenoma?) develop. 

On the other hand, atrophy of the liver-tissue is frequently the result 
of chronic inflammatory processes in the interstitial tissue. Interstitial 
hepatitis occurs either only in isolated localities: partial inter- 
stitial hepatitis, or it involves the whole liver : universal 
interstitial hepatitis; it is confined either to the region of 
the connective tissue proper — Glisson’s capsule: portal intersti' 



LIVER, 


795 


tial hepatitis, or it soon extends to the region of the acini: dif- 

fuse interstitial hepatitis. In each instance new connective 
tissue develops, which, through formation and contraction of fibrillated 
intercellular substance, leads to partial or general atrophy of the paren- 
chyma. General diffuse interstitial hepatitis results in diminution m 
the size of the whole organ by shrinkage : contracted liver. Under 

certain circumstances the result of local connective-tissue proliferation in 


8 



Fig. 400. — Hepatitis intcrstitialis chronica diffusa (cirrhosis of the liver). 

L, liver-tissue ; B, newly formed connective tissue in actual connective-tissue 
stadium, partly with fresh proliferation. Fresh section. (Zeiss Apochr., 2; 
Comp. Ocul., 4. After Langerhans.) 

chronic partial interstitial hepatitis is cicatricial retraction. Sometimes 
such extensive connective-tissue bands thus develop that the liver assumes 
a lobulated appearance. (See Syphilis, p, 549.) This change 
almost always originates as a result of syphilis; only in isolated cases is 
It caused by trauma. Local interstitial proliferations occurring in the 
neighborhood of foreign bodies, especially of parasites (echinococcus, 
pentastomum), and of chronic suppurative processes lead to encapsulation 
c>f the parasites (see p. 355) and separation of the diseased from the 
healthy liver-tissue. (See p. 388.) 
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In shrinkage of the whole liver from general diffuse interstitial 

hepatitis, both the external surface and the cut surface are more or less 
granular. This stage is called granular atrophy or cirrhosis of 
the liver. The latter designation, first employed by Laennec, is 
derived from the color, ^ because the very different sized granules are 

usually strongly fatty and icteric and, therefore, appear yellow. 

The formation of the granules is due to the fact that the interstitial 

process, which starts in the region of Glisson’s capsule, but later is rarely 

confined to it, extends in various directions in the individual acini and 
partly through the center of them. When the new-formed tissue has 
separated into fibrillatcd intercellular substance and begins to contract, new 



Fig. 401. — Liver cirrhosis, new-formed connective tissue with much 
striated intercellular substance and fresh proliferation of connective tissue. 
Fresh section. (Zeiss Apochr., 4; Comp. OcuL, 8. After Langerlians,) 

liver islands thus originate, which bear no relation to the limits (outlines) 
of the acini. These newly formed, irregular-sized islands consist either 
of a number of acini or of portions of several infiltrated acini, or of 
small remnants of individual acini. 

Among the causes of cirrhosis of the liver are said to be intoxications 
(chronic alcoholism, chronic phosphorus poisoning, intestinal toxins, etc.) 
and partly also infections. In syphilis, also, a general diffuse interstitial 
hepatitis is sometimes observed which frequently is recognizable 
syphilitic only by the alterations present in other organs. In some cases, 
of course, the specific cause can be recognized also in this form by the 
unusual intensity of the process in different portions of the liver. (Sec 
p. 551.) 


1 kI^^s = yellow. 
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Portal interstitial hepatitis is a far more frequent process than cir- 
rhosis of the liver, and is very often found post mortem without the pres- 
ence during life of any symptoms pointing to its existence. This form 
may be met at necropsy in very different stages : either in the first stage — 

the granulation or proliferation stage — or in the second stage — the true 
connective-tissue stage — in which the proliferated, round connective- 
tissue cells grow into spindle-shaped and stellate cells and form fibrillated 

intercellular substance, or in the third stage — the so-called cicatricial 

stage — in which the new-formed, fibrillated intercellular substance under- 
goes cicatricial contraction. The first form is most frequently observed, 
the second seldom, and most rarely the third. 

All these chronic interstitial forms of hepatitis, the portal as well as 
the diffuse, manifest a marked tendency to recidives, so that very often, 
in addition to the older proliferation — the connective tissue and cicatricial 
stadia — fresh proliferation is seen. The pure cicatricial stage, i.c., the 
result of a fully completed process, is observed only in extremely rare 
instances. Little definitely is known as to the cause of portal hepatitis. 
Alterations of the ix)rtal vein or of the bile-ducts are usually absent. It 
appears that the portal fortii may pass over into the diffuse form, since 
transition forms are sometimes observed. 

Witli these in general more chronic processes with a tendency to 
contraction may be classed another interstitial process in which the liver 
is markedly enlarged. Such a liver has a quite smooth exterior and cut 
surface and is strikingly firm in consistency ; the anterior sharp border is 
distinctly rounded ; everywhere in the region of the portal vein can be 
seen glassy-gray spots and striae which macroscopicly correspond to very 
young interstitial proliferations (granulations) : hepatitis inter stitialis 
rccens hypcrtrophica. This is a change which has been designated as 
hypertrophic cijrhosis of the liver. In this change neither yellow color- 
ation nor the contraction so characteristic of cirrhosis is seen. The proc- 
ess- always involves the whole liver, nowhere leads to the formation of 
intercellular substance, and is characterized by the excessive proliferation 
and consequent increased width of the portal connective tissue.^ 

Cirrhosis of the liver generally exists for a considerable time before death 
occurs. TMie liver affection itself is not the immediate cause of death: the action 
is only indirect. Cirrhosis disturbs the circulation of the abdomen, causing marked 
ascites, caput medus<r, etc.; furthermore, icterus occurs, toxic substances enter the 
blood from the liver and reach the different organs and the heart.^ The function 

^ It .is possible, but for various reasons quite improbable, that this “hyper- 
trophic arrhosis of the liver” is the first stage of the later “contracted (cirrhotic) 
Pfobably, they are two entirely different processes, 
or 1 /I that the pathologic process in the periportal connective tissue 

occludes the biliary passages, so that the bile congests in the liver, causing icterus. 
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of the digestive tract is disturbed, because the portal vein is involved. Death results 
from degeneration of the myocardium. Cirrhosis of the liver is the indirect, and 

cardiac paralysis the direct, cause of death. In rare cases one of the dilated 
esophageal veins entering the portal vein may burst and cause fatal hemorrhage : in 
this case hemorrhage would be the immediate cause of death. 

Suppurative inflammation of the liver {hepatitis inter stitialis 
acuta) also begins in the region of Glisson’s capsule. It is distinguished 
from the last-mentioned, fresh interstitial hepatitis by the intense 

involvement of the vessels, from which an active emigration of leuco- 
cytes occurs, and also by the fact that it is connected with changes of the 
veins, or arteries, or bile-ducts. Purulent hepatitis may run an acute 
or chronic course. The nearer the eejuator is approached, the more 
frequently is the acute form encountered, while in temperate zones, aside 
from true metastases, the chronic form is more common. (See p. 393.) 

Chronic abscess of the liver is always encapsulated by fibrous tissue 
(partial chronic interstitial infection) which gradually develoi^s in the 
neighborhood. As a rule, the process is one of multiple abscess forma- 
tion. In acute abscess there is insufficient time for the development of 
an encapsulating fibrous hejiatitis; the pus comes in immediate contact 
with the parenchyma, which, in turn, is involved in the process in the 
form of acute parenchymatous hepatitis. This acute malignant form 
usually leads to disintegration — to a kind of softening. 

Liver abscesses are sometimes observed after severe injuries to the 
head, frequently in echinococcus hepatitis, and in the tropics (especially 
in Egypt, Philippines, etc.) in connection with dysentery ^ (amebic dysen- 
tery). Infectious processes in the root area of the portal vein also may 
cause thrombosis of the i)ortal vein, and by detachment of small particles 
of the infectious, germ-laden thrombus and transportation of the same 
with the portal blood lead to the formation of metastatic abscess of the 
liver. ' 

Ruptures of the liver generally occur near the suspensory ligament 
as the result of traumatic influences. Such a rupture, when it does not 
immediately cause death from hemorrhage, may favor inflammations and 
abscess formation ; on the other hand, it may heal by cicatrization. 

Almost all hydatids^ (aqueous cysts) of the liver are of para- 
sitic nature. Exceptions are certain small cysts which originate chiefly 
at the fetal periocl. As these are lined with ciliated epithelium, and in 
the liver only the bile-ducts are provided with ciliated epithelium during 
the embryonic period, they constitute bile-duct cysts in which the ciliated 

^ Since the Spanish-nmerican war, the number cases of amebic dysentery in 
the United States has been considerably increased. 

^Lat. : hydatis: vesicle. 
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epithelium has been preserved. Here, therefore, the process is a vitium 

primcB formationis. These bile-duct cysts are usually multiple and are 
of millet-seed or hemp-seed to hazelnut and walnut size; in some cases 
they attain still larger dimensions. (See p. 809.) 

Among the parasitic cysts, echinococcus cysts are most frequent. 
Cysticerci are rarely observed. Echinococci (see p. 385) form a single 
large cyst or numerous small vesicles {echinococcus multUocu- 

laris) and always lead to partial chronic fibrous hepatitis, i.e., to the 

formation of dense connective tissue, which encapsulates the echinococcus 
cysts. When suppuration of the echinococcus occurs, the suppurative 
process always begins inside of the external connective-tissue capsule 
formed by the chronic hepatitis and later extends to the echinococcus cyst 
itself. By bursting of the capsule and discharge of the contents, the 
brood capsules may spread by dissemination. Further extension may 
occur also by way of the blood ; usually, however, echinococcus of the 
liver remains stationary and forms large vesicles, which may attain the 
size of a man’s head. 

Trematodes (see pp. 371 and 373) occur in the portal vein and the 
larger bile-ducts and lead to circumscribed portal interstitial hepatitis. 
The parasites themselves are sometimes calcified, so that the nature of 
the condition is recognized only after the lime-salts have been dissolved. 

Amyloid degeneration of the liver is almost always associated with 
increase of volume. Usually the whole organ is uniformly involved; 
occasionally certaii^ areas are more strongly affected, so that large amy- 
loid nodules may be found. Amyloid degeneration is always accompanied 
by condensation, so that the specific gravity is very high. Amyloid sub- 
stance is waxy, translucent gray in appearance. The process is eminently 
chronic. In the first stage no alteration is recognizable macroscopicly ; 
at first only the finer branches of the hepatic arteries, i,e., the muscular 
elements thereof, are affected. The process gradually extends to the 
capillaries of the acini, the walls of which become thickened and trans- 
formed into a highly glistening mass. The swelling accompanied by 
narrowing of the lumen of the capillaries and ischemia". Amyloid degen- 
eration is, as a rule, first manifest in that capillary area which lies 
between tjie periphery and center, equidistant from the portal vein and 
hepatic vein, i,e., in the so-called intermediary zone of the acini 
(see Fig, 402, i Z) ; from here the degeneration advances toward the 
periphery, the central zone remaining longest intact. The intermediary 
zone, however, is not always first and most intensely altered ; exceptions 
to this rule are quite frequent; in some acini the central zone is more 
strongly altered than the peripheral, and in the same acinus the amyloid 
degeneration may be in part more strongly developed in the peripheral, 
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but also in part in the central zone. In amyloid degeneration of the inter- 
mediary zone, intense accumulation of fat is very often observed in the 
peripheral zone of the acini. 

Of the three zones of the acini the central is most frequently disposed 

to pigmentation and least frequently to fatty infiltration and amyloid 
degeneration; the peripheral most frequently to fatty infiltration and 
least to pigmentation, while the intermediary zone is characterized by 

an especial disposition to amyloid degeneration. 

Of the tumors, angiomata are most frequently found, generally 
several together, seldom only one angioma. These usually attain only pea- 
to hazelnut- size and are almost always situated in the peripheral portions 
of the liver, as a rule, immediately beneath the capsule. 



Fig. 402 . — V h, vena hepatica ; c Z, central zone ; i Z, intermediary 
zone ; /> Z, peripheral zone. 

The liver is very slightly disposed to primary tumor forma- 
tion. Most tumors of the liver arc metastatic in nature ; there- 
fore, they occur, as a rule, as multiple nodules. Carcinoma m e t a s - 
tases are especially frequent, particularly in primary carcinoma of the 
stomach. Primary carcinomata (.see Figs. 403 and 404) of the liver are 
almost always solitary and, on the whole, very rarc.^» They most fre- 
quently originate in the region of the gall-bladder, the hilus of the liver, 
or the bile-ducts (see Fig. 403), and rarely from parenchyma (acini) 
cells. (See Fig. 405.) 

M. Lissatier^ inclines to the view, held also by others, that cirrhosi*^ 
or syphilitic cicatrization is the primary affection and carcinoma develop 
ment secondary. He regards the liver-cells as the point ofi origin of 
malignant adenoma, though only because of the marked morphologic sim- 
ilarity of the tumor- and liver- cells. He was unable to observe car- 
cinomatous degeneration of the liver-cells. It is of especial interest that 

1 According to Leichtenstern, carcinoma of the liver is secondary in 80 
cent, of cases (Langenbeck, Chir. d. Leber u. Gallenblase, II Thl. Stuttgart, 
1897, p. 52). 

a Virchow’s Archiv, 1910, Bd. 202, p. 57. 
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Fig. 403. Primary carcinoma of the liver originating from bile-ducts (metastases in all orj?ans). 
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the tumor-tissue (also in the metastases) retains the ability to secrete bile. 
The author hesitates to assume a multicentric origin for carcinoma, 
HippeP reports an adenoma containing cartilage, scattered groups of 
epithelial cells with central hornifications, and large masses of a pigmen- 
toid body between and in the tumor-cells. This peculiar finding is ex- 
plained by him as a primary disturbance in the development of the liver 
Anlage, which led to excessive tumor formation. At the same time these 
heterotopous tumor elements developed in the tumor by metaplasia. The 
pigment may be regarded as bile-pigment. 

Partial hyperplasias of the liver-cells (see p. 307), which fre- 
quently are considered and designated as adenomata, are infrequent. As 
a rule, the cause of these hyperplasias, which lead to the formation of 
small nodules, is obscure. With these processes apparently may be classed 
thOwSe already-mentioned proliferations of the bile-ducts and liver-cells 
occurring in acute yellow atrophy, which sometimes also result in the 
formation of tumor-like nodules and sometimes probably are the starting 
point of atypic epithelial proliferation and carcinoma. More circum- 
scribed proliferation after loss of liver-cells gives the impression of incom- 
plete regeneration of the liver-tissue. (See p. 794.) 

The bile is conveyed from the liver by the bile-ducts. Mechanic 
obstruction of the outflow causes congestion, which is followed by ab- 
sorption of thei bile by the liver-tissue, and, through the agency of the 
blood-vessels, also by the remaining tissues of the body : icterus, 
jaundice. Through increase of icterus Iccvis^ icterus gravis — the 
tState of cholemia — is produced, which is accompanied by parenchy- 
matous changes, frequently also by hemorrhages, and on long duration 
always results in green ictenis: icterus viridis. (See p. 135.) 

Some authors contrast hepatogenous icterus with a hematogenous 
icterus, assuming that icterus may occur as a result of rapid destruction 
and solution of the red blood-corpuscles without participation of the liver 
or bile (hemolytic, acholytic icterus; see p. 804), but all experimental 
efforts to induce icterus without participation of the liver have thus far 
failed. In transfusion of animal blood into the circulation of man, the 
blood coloring matter is dissolved; no bile coloring matter, however, is 
produced, but hemoglobinemia and hemoglobinuria. Therefore, true 
icterus can occur only when bile is secreted. When the liver ceases to 
secrete bile, as, for example, in Asiatic cholera, the state of achoUa 
develops. 

Every icterus always begins in the liver, and some time may pass 
before the remaining organs (among these always first the conjuncti^a?» 
kidneys, and intima of the vessels; next the serous membranes, 

i Virchow’s Archiv, 1910, Bd. 201, H. 3, p. 326. 
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skin, etc.) are involved. Hence, at necropsy icterus sometimes is found 
only in the liver. In parenchymatous nephritis the diseased cells absorb 
bile coloring matter to a very marked degree. The icterus begins within 
the liver in the center of the acini and depends upon deposition of bile 
coloring matter, usually of orange-yellow, diffuse, rarely of granular or 
needle-shaped pigment: bilirubin. On long duration bilivirdin 
develops from bilirubin : icterus viridis, chronic green icterus. This 



Fig. 404. — Primary carcinoma of the liver originating from 
parenchyma (acini) cells. 


IS almost always associated with the formation of concretions within 
the finest bile-ducts — the so-called bile-capillaries. These concretions 
‘lie homogeneous, strongly refractive, round or sausage-shaped, often 
branched, at first gold-yellow, later dark-green, very resistant bodies 
\vhich break on pressure, presenting fracture surfaces resembling those 
glass. The catarrhal form of icterus develops from catarrh of the 
bile-dticts. Here considerable swelling of the mucous membrane of the 
hile-ducts is always present, which, in. conjunction with the tenacious 
^iiucous secretions, offers mechanic obstruction to the flow of bile. 
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Hemolytic, acholytic icterus is a form, described by Minkowski 
in 1900, which in prognosis and course differs from primary acquired and 
secondary hemolytic icterus. The secondary form of this affection may 
be regarded as belonging to the complex of symptoms the sequelae of 
malaria, sepsis, carcinoma, and syphilis. Secondary acholytic icterus, 
which in many of its manifestations is similar to the primary congenital 
form, differs essentially from the latter by the course and principally by 
the termination, which is directly dependent upon the primary affection. 
The primary acquired form of the disease is insufficiently understood and 
often progresses with manifestations of pernicious anemia. 

In 2 cases of primary congenital hemolytic icterus reported by Igna- 
towski^ the patients were between 20 and 21 years of age. In 1 cavse 
the disease developed at birth; in the other, at the age of 3 years. The 
patients complained of very little that w^as characteristic; aside from 
emaciation in one case, no significant disturbances were observed. Ob- 
jectively, there was well-defined general icterus without symptoms of 
biliary intoxication. The urine contained no bile-pigments, but urobilin 
was constantly present. In both cases splenomegaly existed. The liver 
was enlarged from time to time and its function, judged by digestive tests 
with levulose, diminished. Exacerbation of the disease was noted as a 
result of psychic and physic exhaustion, cold baths, infections, and 
digestive disturbances. 

The blood shows decrease of the erythrocytes and corresponding 
diminution of the hemoglobin ; large numbers of maci^o- and micro- cytes, 
occasionally polychromatophilia, and rarely hematoblasts. Nine per cent, 
of the erythrocytes presented peculiar basophilic granulation, visible only 
in stained living blood. The number of leucocytes is normal and the ratio 
unaltered. That the disintegration of the erythrocytes is due to congeni- 
tal frailty of these cells is shown by the fact that they are destroyed by 
0.8 to 0.7 per cent. NaCl solution ; normally, only 0.45 per cent, solution 
causes hemolysis. The blood-serum is stained yellow, due principally and 
perhaps solely to urobilin. The serum contains no isolysins, though it 
acts more strongly upon washed rabbit blood-corpuscles than does normal 
serum. 

The affection is referred by Ignatowski to the following fonditions: 
Congenital frailty of the erythrocytes resulting in the formation of a 
quantity of blood-pigment which is converted into urobilin. Urobilin i^ 
not destroyed by the liver, but circulates in the organism and, in conse- 
quence of functional debility of the liver (defective excretion of levulose) 
or of excessive accumulation of urobilin, is deposited in the skin. The 
splenomegaly may be regarded as the result of augmented activity of the 

1 Fortschritte der Medizin, 1911, No. 42, p. 567. 
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spleen and irritation exerted by fragments of erythrocytes. The cause 
of congenital diminution of resistance of the erythrocytes is unknown; 
perhaps it is due to abnormal function of the bone-marrow. The course 
of primary congenital icterus is of very variable duration. The prognosis 
ad vitam is favorable, though the possibility of the development of acute 
anemia resulting in death cannot be excluded. 



Fig. 405. — Section from liver shown in Fig. 404. (Leitz, 6; oc., iv.) 


When tumors, gall-stones, etc., render emptying of the bile-ducts im- 
possible for a long time, gradual dilation of the bile-ducts, first 
of the largj! and medium-sized, later of the small, bile-ducts, develops in 
consequence of the congestion of bile. This change is almost always 
Jiccompanied by intense catarrhal secretions which not rarely assume the 
character of purulent catarrh : purulent catarrhal cholan- 
In this case the strongly dilated bile-ducts are found filled with 
Rccenish, purulent material, so that the process may easily be assumed 
be multiple abscess, especially when the bile-ducts lie immediately 
l^cneath the capsule, produce bulging of the latter, and form large sacs 
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filled with pus. If, however, the somewhat mucopurulent masses are 
removed by a stream of water, the wall of the bile-ducts can usually be 
recognized without difficulty. Increasing dilation of the bile-ducts is 
always associated with progressive atrophy of the parenchyma. This 
change may be followed by multiple purulent inflammation of the true 
liver-tissuc (abscess formation). 


, , '"-'.ft.' 








Fig. 406. — Same as Fig. 404, external surface. 


If icterus is added to fatty liver, the liver is intensely yellow in 
color, while an ordinary fatty liver is more gray-yellow in 9olor. The 
designation saffron liver has been introduced for icteric fatty liver. 

In chronic catarrh of the mucous membrane of the gall-blad- 
der catarrhal cholecystitis — the bile mixes with the secreted, tenaciou' 
i^cus. T^e more mucus is produced, the less bile enters the gall-bladd( r. 
The tenacious mucous exudate stagnates in the gall-bladder; this becomos 
strongly filled, until the wall is tensely distended. Later, the bile colorin.? 
matter disappears and the tenacious mucous exudate liquefies, the ga"' 
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bladder finally containing a very liquid, colorless, water-clear fluid. This 
fsXzXt IS CdXltd hydrops cystidisfellece: dropsy of the gall-bladder. 

Chronic^atarrhal inflammation of the mucous membrane of the gall- 
bladder pursues a very latent course; the wall thereby becomes very 
gradually thickened. Chronic thickening is always found in long pres- 
ence of stones, which exert continuous irritation. This chronic irritation 
exerted by gall-stones is, perhaps, in some cases the cause of primary 
carcinoma of the gall-bladder; on the other hand, formation of stones 
may be favored by carcinoma of the gall-bladder. 



Gall-stones may be entirely colorless; in the fresh state more hyaline, 
in the dry state more whitish. These are almost always stones composed 
of cholesterin crystals, Cholesterin is brought to the liver probably from 
other organs ; it i^ as constantly present in the liver as is uric acid in the 
urine. Cholesterin stones grow by the succes^ve deposition of 
new concentric lamellie around the nucleus; in spite of this a radiate 
arrangement is so predominant as a result of crystallization (see Fig. 
*^08) that the concentric lamellation is scarcely perceptible. (See Fig. 
410.) These stones are rough and nodular externally (see Fig. 409), 
due to the superimposed rhombic cholesterin plates which form small 
eternal projections. These stones are generally solitary and may become 
large as entirely to fill the lumen of the gall-bladder. In this case 
die stones adjust themselves to the form of the gall-bladder. When pure 
c holesterin stones occur in large numbers, they are polyhedral and, in con- 
quence of constant attrition, have quite smooth, porcelain-like surfaces. 
(See Fig. 411.) 
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According to Aschoff, cholestcrin-stones may form in the gall-bladder, inde- 
pendently of inflammatory processes, by precipitation of cholesterin directly from 
bile as the result of autolysis of the bile due to stasis. With pcrst^ence of stasis 
the epithelial lining of the gall-bladder desquamates (cholecystitis desquamativa) ^ 
which favors infection. In inflammatory catarrhal processes calcium-stones are 
formed by autolysis and precipitation of lime from the mucous secretion of the 
mucous glands of the gall-bladder, either with or without precipitation of bile 
pigments. 

The Other group of gall-stones likewise originate as a result of secre- 
tion of a substance discharged through the bile; these arc pigment 
stones^ which, as the name indicates, consist essentially of bile color- 
ing matter. At first only soft flakes — exfoliated epithelial cells — are 
present which gradually grow darker, in that they disintegrate into a 
granular detritus, becoming more and more imbued with bile (yellow, 



Figs. 408, 409, 410. — Section of a solitary cholesterin-stone. 
(After Langerhans.) ^ 


green, brown) ; at the same time the whole mass gradually condense^ 
by a kind of inspissation. In this manner bile-sand or gravel — minute, 
quite firm, blackish-green gall-stones — is found, which may greatly irritate 
the mucous membrane, and, therefore, very frequently produces gall-stone 
colic. For the further growth of these stones, the affinity of the bile 
coloring matter for lime, especially calcium carbonate, is of importance; 
in all large pigment stones lime is an integral con- 
stituent. 

Combination forms are very frequent, a pigment stone developing 
secondarily around a cholesterin stone as nucleus, and vice verfa; indeefl, 
even alternate layers of cholesterin and pigment material may occur. l»y 
close grouping of a number of gall-stones, these acquire flattened, facetc<l 
surfaces: polyhedral form. Owing to their smooth surfaces, these stones 
are less irritating and, therefore, may be endured for a long time without 
great annoyance. On the other hand, stones with finely or coarsely nodu- 
lar or spiculate surfaces (as a result of irregular development or coales- 
cence of contiguous stones), serrated pigment stones (see Fig. 412), 
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the ‘^morning-star’^ forms (see Fig. 413) are usually very irritating and 
produce violent colic. 

The greater the number of stones present in the gall-bladder (often 
many hundred to over a thousand), the more they influence one another. 
Sometimes they are so numerous that the gall-bladder extends to the 
true i)elvis as a large pouch. The stones can then be palpated with great 
ease during life. If large stones enter the common duct, they are tem- 
porarily arrested in this locality or they pass so slowly that they cause 
icterus. In other cases the stones become impacted and cause inflamma- 
tory disturbances, which may finally lead to perforation and expulsion of 



Fig. 411. — Poly- 
hedral cholfstcnn- 
stones. * 


W 

Fig. 412. — Ser- 
rated pigment-stones. 



Fig. 413. — Soli- 
tary pigment-stone of 
morning-star form. 


the stones into the duodenum or abdominal cavity^ seldom into the colon. 
J'alal perforative peritonitis may thus be produced. Michel^ reports the 
])rescnce of gall-stones in the urinary bladder. 

Among the primary tumors of the gall-bladder, cai;- 
cinoma is most frequent. In addition to cylindric-celled carcinoma, 
squanioiis-cellcd carcinomata (cpitheliomata) which st 2 y*t from the gall- 
bladder, and, seldom, villous carcinoma and colloid carcinoma, occur. 
Sarcomata are rare. Other tumors (fibromata, myomata) 
are very infrequent. 

In the large bile passages the tumors are almost always 
carcinomata. Most frequently they develop from the common duct, 
f^eldom from the hepatic duct, and very rarely from the cystic duct. 

Plenk^ reports a solitary cyst in the center of the liver, larger than 
a Jiian’s head, lined with cylindric epithelia, which he regarded as develop- 
from an accessory or aberrant bile-duct. (See p. 798.) 


^Zentbl. f Gyn., Jan. 2, 1909. 

2 Virchow’s Archiv, 1910, Bd. 201, p. 335. 
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SALIVARY GLANDS. 

Pancreas. 

The pancreas ^ is an acinous gland of markedly coarsely granular 
consistency. The small, very firm, pale reddish-gray glandular lobuli are 
bound together by very loose connective tissue. Through the middle of 
the elongated, somewhat flattened organ runs in a straight course, from 
the tail to the head, the chief duct: ductus pancrcaticus; this, together 
with the ductus communis choledochas,^ opens as the canal of Wirsung 
into the vertic portion of the duodenum (in the region of the papilla). 
On the posterior surface is a lobular fold of the gland, passing trans- 
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Fig. 414. — Section of the pancreas of the dog. d, termination of a duct 
in the tubular alveoli, a. (After Klein.) 


versely to the left, which is sometimes detached from the rest of the 
gland and is called the lesser pancreas. The duct of the latter 
{ductus pancrcaticus minor) opens into the main duct near the duodenum, 
but sometimes separately into the intestine at a distance of an inch or 
more from the termination of the principal duct (Gray). 

Like the liver and kidneys, the pancreas is involved in many acute 
infectious diseases, and in poisonings by cloudy swelling of the paren- 
chyma : parenchymatous pancreatitis. In this process prin- 
cipally the diameter of the gland is increased. Generally, the clouding 
not macroscopicly distinct until the stage of secondary fatty metamor- 
phosis, when the acini assume a cloudy, reddish-yellow appearanc( . 
Acute idiopathic pancreatitis possesses a hemorrhagic chai- 

^ Pan: all, and kreas: flesh. 

^ Sometimes the pancreatic duct and common bift-duct open separately 
the duodenum. 
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acter: hemorrhagic pancreatitis. Nothing certain is known 
of the etiology of this affection. It may cause death under violent phe- 
nomena. 

Acute purulent interstitial inflammation of the pancreas is, as a 
rule, a metastatic affection, but it occurs also spontaneously. In general, 
however, the pancreas is characterized by slight disiX)sition to suppura- 
tion and ulceration. Even wlien purulent or ulcerative processes extend 
from surrounding parts to the pancreas, the latter, in a certain measure, 
opposes further extension by the development of a partial, firm, inter- 
stitial pancreatitis. When, for example, a gastric ulcer advances toward 
the pancreas after adhesion of the sttmiach to the surrounding parts and 
perforation of the gastric wall, a firm, somewhat retracted, whitish-gray, 
cicatricial area develops in the pancreas, but no suppuration or acute dis- 
integration. 

Independent interstitial processes with induration are rare. They 
are observed principally in syphilis and occur either as isolated foci, espe- 
cially in the head or tail, or involve the whole organ. 

Secondary atrophy is observed in carcinoma of the head of the pan- 
creas, and in stone formation with dilation of the excretory ducts. 

Atrophic processes, in contradistinction to interstitial inflammation, 
progress without induration. The organ becomes smaller in all its dimen- 
sions without becoming harder. In this condition the acini are very small, 
shriveled, yellow-gray ; a portion of the parenchyma is always in a state 
of simple fatty metamorphosis without inflammatory manifestations. 
This condition is observed i)rincipally in very old people and after very 
chronic exhausting diseases, sometimes quite accidentally. Worthy of 
mention is the quite frec[uerit, but by no means constant, atrophy of the 
pancreas in diabetes m e 1 1 i t u s . Slight degrees of atrophy are 
sometimes the result of stasis of the pancreatic juice in the excretory 
ducts. 

In extensive amyloid degeneration of the, abdominal organs, 
die small vessels of the pancreas also arc generally similarly affected. 
As the parenchyma is not involved, this change is inconspicuous and 
demonstrable only on microscopic examination. 

Ano^Jier disturbance on the part of the vascular system is far more 
important in so far as it repeatedly produces sudden disturbance of func- 
don and sudden, shock-like death. This is large hemorrhages into 
^'le pancreas itself and into the immediate neighborhood, without 
demonstrable disea.se of the pancreas. Why death occurs has not yet 
‘‘cen positively determined. The amount of extravasated blood is insuffi- 
' ient to explain the cause of death. The close proximity of the semi- 
lunar ganglion and solar plexus has been* provisionally suggested. Just 
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as little is known of the cause of the hemorrhage. Sometimes it' is the 
result of embolism, sometimes of necrosis of the parapancreatic adipose 
tissue. 

By ranula^ pancreatica is understood a more or less intense dilation 
of the excretory duct ; either the whole i)ancreatic duct is involved, which 
often results in a rosary-like ectasis, or only that portion in front of the 
point of union with the ductus cJiolcdochus is cystic. At first the dilated 
ducts contain pancreatic juice; later, more mucoid and sometimes hemor- 
rhagic material is present. Here concretions, which at first consist of 
semisolid, insoluble protein substances, but gradually become firm stones 
by absorption of lime-salts, are frequently formed. These attain the size 
of a hazelnut, are partly smooth and round or oval in shape, partly nodu- 
lar and serrated (see Fig. 415), and are light grayish white, rarely colored. 



Fig. 415. — Pancreatic calculus from the pancreatic duct (in the head of the 
pancreas) in ranula pancreatica. Natural size. (After Langerhans.) 

The causes of pancreatic ranula are tumors in the region of the head 
of the pancreas, which press upon the ni<mth of Wirsung’s duct or in- 
volve the head of the pancreas itself ; furthermore, gall-stones impacted 
in the papilla of the duodenum, and next in frequency catarrhal afifections 
and cicatricial contraction. 

Generally, a few fat-cells or fat-lobidi are found in the connective 
tissue uniting the lobuli of the pancreas only at certain points in the im- 
mediate neighborhood of the vessels. In very obese persons, however, 
the connective tissue is always gradually transfe^rmed by metaplasia into 
adipose tissue: degeneratio adiposa pancrcatis or lipomatosis pancrcatis. 
In high degrees of fat-tissue development the parenchyma suffers, since 
fatty metamorphosis of the pancreas cells in the periphery of the acini 
and diminution in the size of the latter are frequently observed. 

A peculiar change, in which the fat-cells die and the oil-droplets 
within the fat-cells are transformed by decomposition into firm, crystal- 
line fat, not infrequently occurs in the fat-tissue in the region of the 
pancreas and in the interstitial fat-tis.sue developed by metaplasia. Thi*^ 
process is called fat-tissue necrosis. The cells retain their form and 
position, but as dead bodies excite a reactive, dissecting inflammation 


^Ranula, dim. of rana: a frog. 
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in the neighborhood, so that they become loosened from the living tissue 
and can be readily removed with the point of the knife as opaque, yellow- 
ish-white, quite firm granules, from poppy seed to hemp seed in size. In 
very obese individuals, fat-necrosis is sometimes found throughout the 
adipose tissue of the abdomen; even then the region of the pancreas is 
characterized by the large number of necrotic foci. The more fat-tissue 
dies in this manner, the more the small foci coalesce to form larger foci, 
so that finally the greater portion or all the parapancreatic fat-tissue 
becomes necrotic. 1'he pancreas itself thus becomes sequestere<l and con- 
sequently mortifies: pancreatic necrosis. Under certain cir- 
cumstances this process may be complicated by suppuration; as a rule, 
however, formation of ])us is absent. As a result of complete sequestra- 
tion, this dead pancreas then floats, as it were, in a cloudy, tlii^k, grayish- 
yellow. and whitish-gray or, when hemorrhagic products are present, 
reddish or brownish fluid, which greatly resem])les pus, but, aside from 
a liquid basement sul)stance, consists almost entirely of fatty acid crystals 
and shreds of necrotic tissue. The acinous structiuc of the pancreas, how- 
ever, is still macroscopicly and micro.'>cof)icly w'ell preserved. Sometimes 
the newly developed cavity, which contains the pancreas or a portion of 
it, perforates into the gastrointestinal canal, most frequently into the 
descending i)ortion of the duodetmm. The contents of the cavity then 
mixes W'ith the bile, particles of food, etc., and its character is altered 
accordingly. The sequestered j)ancreas may esca])e through the perfora- 
tion oi)ening and snbsetiueutly be discharged with the st(X)ls. 

The etiology of multi])le fat-necrosis is as yet only speculative. Fat- 
tissue necrosis can be produced experimentally by the action of pancreatic 
juice upon living adipose tissue. 

As a rule, the necrotic fat-tissue is quite rapidly permeated wdth 
lime-.salts. A loose union of fatty acids with lime to form hyaline, fatty 
acid lime, which is insoluble in hydrochloric acid, thus occurs. 

Secondary tumors of the pancreas are very rar^. Primary carci- 
noma, especially of the head of the pancreas, is quite frequent. 

Parotid, Submaxillary, and Sublingual. 

Inflammation of the salivary glands is quite rare. Acute inflamma- 
bon is most frequent in the parotid (niumps^ ), rare in the submaxillary, 
and very rare in the sublingual. An^ acute phlegmonous inflammation, 
<^alled Ludwig^s angina (angina ludovici) or cynanche, invari- 
al)ly begins in the region of the submaxillary, sometimes terminates in 
^^Tpuration and gangrenous disintegration, and frequently causes death 

^ See Epidemic Parotitis, under Infectious Diseases, p. S74. 
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under general septic phenomena. Inflammatory swellings of the salivary 
glands occur secondarily in the acute infectious diseases, such as pyemia, 
typhoid, diphtheria, cholera, syphilis, etc. Tuberculosis and syphilis are 
rare. 

Stone formations, composed of phosphate and carbonate of lime, at 
times containing foreign bodies as a nucleus, are observed in both Whar- 
ton's and Stenon’s ducts. Cysts, which may attain considerable di- 
mensions, are met with. Cystic degeneration of the excretory 
ducts of the subniaxillary and sublingual glands (ranula) occurs in 
the same manner as in the pancreas. (See p, 812.) 

Salivary fistulae, through which saliva constantly is excreted into 
the oral cavity or externally, sometimes occur after abscesses, wounds, etc. 

The most frequent primary tumors are enchondromata and mixed 
tumors,^ the latter especially in the parotid ; chomdrosarcomata, and endo- 
theliomata. Angiosarcoma and rhabdomyoma also occur. Pure .sarco- 
mata and carcinomata arc rare. Epitheliomata frequently originate from 
the parotid. The parotid is the most frequent site of tumor formation; 
according to Ziegler, in 74 per cent, of all tumors of the salivary glands ; 
next in frequency comes the submaxillary, and rarer the sublingual. 

Achroocytosis is a peculiar .symmetric swelling of the salivary 
glands, characterized by deposition of small round cells between the 
glandular acini, which frequently is associated with similar tumefaction 
of the lachrymal glands. As the process occasionally is associated with 
other pseudoleukemic or leukemic symptoms, some atfdiors have assumed 
that it bears a relation to these affections (Ziegler). * 

GauslmayerS transmitted rabies to guinea-pigs and rabbits by inocula- 
tion of an emulsion of submaxillary glands of rabid animals. He was 
unable, however, to find Negri bodies in either the submaxillary or parotid 
gland. 

1 See Fig. 55, p. 231. 

2 Centlbl. f. Bakt., Bd. 55, H. 6. 



UROPOIETIC SYSTEM. 

KIDNEYS. 

The kidney is a compound tubular gland, which in man consists of from ten 
to thirty divisions, designated as lobi renis, or r c n i c u 1 i . Originally, the reniculi 
are very numerous, but subsequently are reduced by coalescence to about fifteen, 



Fig. 416. — Section of kidney. 1, cortex; 1', medullary rays; 1", labyrinth; 

3, medulla; 2\ papillary portion of medulla; 2'\ boundary layer of medulla; 

4, fat or renal sinus ; S, artery ; A, branch of renal artery ; U, ureter ; C, renal 
calyx. •(After Landois.) 

which are well shown in the newborn. The number of renal papillae is generally 

hss. 

The following table, compiled by Vierordt from various authorities, gives the 
'^eights and measurements of the kidneys: — 


Weight, right kidney 102Gm. (E. Bischoff) — ISOGra. (Blosfeld). 

" left kidney 118 Gm. (E. Bischoff) — ISO Gm. (Blosfeld). 

108-114 mm, (Luschka). 


( 815 ) 
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Breadth 

54-63 

mm. ; at upper part frequently 72 mm. 

Thickness 

34-45 

mm. 

Tunica albuginea 

0.1-0.2 mm. thick. 

Cortical substance 

9.0 (Toldt)-lO.O thick. 

Medullary substance 

16.0. 


In the newborn cortex 

1.8 

mm.; medulla, 8.31 thick. 

Child, 3 months old cortex 

2.8 

mm.; medulla, 10.2 thick. 

Tortuous uriniferous tubules . . 

o.os 

mm. diameter. 

Straight “ “ . . 

0.045 

mm. diameter. 

Glomeruli 

0.2 

mm. diameter. 

Pyramidal processes 

0.4 

mm. thick. 

Uriniferous pores of papillae . . 

0.7 

mm. deep. 

Pelvis of kidney 

140-180 

mm. wide. 

Ureters 

320-340 

mm. long (Luschka 270), 5-6 wide. 

Orificium in the bladder 

2.0 

mm. long; separated 14 mm. from one 


another and 180 mm. from internal orifice of the urethra. 


On section the kidney is seen to be composed of two substances: (1) the 
medullary substance (substantia meduUaris) is poorly vascular and con- 
tains the straii^ht portions of the collecting? tubules (tubuli rcmiles recti), i.e., the 
loops of Henle and the collecting tubules: (2) the cor tic substance 
(substantia corticalis, renal labyrinth), which is richly vascular and contains 
principally the Malpighian corpuscles and the proximal convoluted tubules. In a 
normal renal lobe the cortic and medullary substances are divided as follows: 
In the papillary portion is found exclusively medullary substance (Malpighian 
pyramids), which sends out a large number of processes toward the surface of the 
kidney (pyramidal processes, medullary rays, or pyramids 
of Ferre in). They do not reach the surface of the kidney, but terminate at 
a certain distance from it. The rest of the renal tissue is <?ortic substance; be- 
tween the medullary substance it forms the cortic processes. The portions of 
the cortic substance separating the reniculi are called the cortic columns, 
or columns of Bert ini (columnar renalcs, or septa renis). Through this 
portion the arteries and nerves enter, and veins and lymphatics emerge from, the 
kidney. That portion of the cortic substance extending from one cortic column 
to the next, intervening between the base of the pyramid and the capsule, is called 
a cortic arch. (See Fig. 416.) 

The secreting portion is composed of definitely and regularly convoluted 
tubules: renal tubules (tubuli renalcs). In each tubule are differentiated 
the following sections : ( 1 ) the ampulla, or Bowman’s capsule (cap' 
sula glomeruli renis), which surrounds a convolution of blood-vessels (glom- 
erulus) and with the latter constitutes a Malpighian corpuscle; (2) 
a convoluted portion (proximal convoluted tubule); (3) a loop-shaped 
portion, known as Henle’s loop, composed of a descending and an ascending 
arm ; (4) a second convoluted portion (distal convoluted or inter- 
calated portion), and (5) a straight collecting tubule. Besides 
these tubules the kidney has a complicated vascular system, a small amount of con- 
nective tissue, nerves^ etc. (See Fig. 417.) 

The character of the cells varies in the different portions of the tubules. 
the capsule of the Malpighian corpuscles two portions are distinguished in regard 
to their relation to the glomentlus. The capsule forms around the glomerulus a 
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double-walled envelope, one 
layer reflected over the glomer- 
ulus, the other forming the 
capsule of Bowman. Between 
the inner epithelium, i.e., that 
portion covering the glomer- 
ulus (glomerular epi- 
thelium), and that of the 
external wall (Bowman's cap- 
sule, CQpsuia glomeruli) of the 
envelope is a cleft-shaped 
cavity which is continuous with 
the lumen of the urinary 
tubule. In adults the glomer- 
ular epithelium is very flat and 
provided with nuclei which pro- 
trude into the Malpighian 
space. The epithelium of the 
outer wall is somewhat higher, 
but still belongs to the flat 
form. 

The capsule of the glom- 
erulus is connected with the 
proximal convoluted portion of 
the urinary tubule by a short, 
narrow segment called the 
neck, and its epithelium 
gradually passes into the cubic 
epithelium of the neck s^fement, 
which is directly continuous 
with the epithelium of the con- 
voluted tubule. In the latter 
are found striated epithelium, 
the markings of which are best 
seen at the base of «the cell, 
while the nucleus is located in 
the half directed toward the 
hmien. In some localities the 
U'lls are so intimately con- 
‘leeted that the limits are in- 
distinct. The thin (descending) 
Pcjrtion of Heile's loop is lined 
with flat epithelia the nucleated 
^^nters of which are thickened 
project into the lumen of 
tubule. The arched parts 
® the cells are not situated 
%‘osite the same part of the 
^ on the opposite wall of 
^ tubule, but project into the 



boundary zone; C, papillary zone of the 
medulla; a, a', superficial and deep layers 
of cortex, free from glomeruli; 1, Mal- 
pighian tuft surrounded by Bowman's cap- 
sule; 2, constriction on neck; 3, proximal 
convoluted tubule ; 4, spiral tubule ; S, 
descending limb of Henle's loop-tube; 6, 
Henle's loop; 9, wavy part of the ascend- 
ing limb; 10, irregular tubule;^ 11, distal 
convoluted tubule; 12» first part of collect- 
ing tube; 13, straight part of collecting 
tube. (After Klein.) * 

52 
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spaces between two protrusions of these cells^ so that the elements on one stile 
nate with those of the other, thus producing a zigzag outline to the lumens The thick 
(ascending) arm of Henle’s loop is lined with cylindric epithelmm similar to that of 
the proximal convoluted tubules; the striation of the cells, however, is conhned more 
to the basal part. The lumen is somewhat larger than in the descending arm, and 
the epithelium often is dislodged from the basement membrane on treatment with 
reagents. The distal convoluted or intercalated portion of the tubule possesses only 
a few (2 to 4) convolutions; the epithelium is quite high and provided with rela- 
tively large nuclei. The intercalated portion passes into a short, straight collecting 
tubule, the epithelium of which is almost cubic, and the lumen someishat wider 
than that of the intercalated portion. The small collecting tubules have a low 
C 3 dindric, irregularly shaped epithelium. In the collecting tubules of larger caliber 
the epithelium is more regular and is the higher the wider the tubule. The collect- 
ing tubules of one Malpighian pyramid and the adjacent parts of the columns of 
Bertini gradually unite to form about twenty papillary ducts, lined with high 



Fig. 418. — Epithelium from the urinary tract (obtained by scraping the 
mucosa). X 350, a, renal pelvis; b, ureter; c, bladder; d, excretory duct 
of prostate. 

cylindric epithelium, which separately open at the apex of the papillae {foramina 
papillaria). 

After the renal artery enters from the hilus it (jivides and sends off 
arcade-shaped arteries which run at the junction of the cortex with the medulla, 
at the base of the medullary pyramids, the convex side of the arcade directed 
toward the surface of the kidney. From the convex side of the arcade arise at 
certain distances smaller arteries {arteria. recti), which repeatedly divide at a more 
or less acute angle, approaching the surface of the kidney almost, paralle], and m 
their course giving off branches which enter the Malpighian bodies as the rasa 
afferentia. After entering the capsule of Bowman the afferent vessel, divides mto 
a number of branches and capillaries, which form a globular reticulum: the 
glomerulus. From the glomerulus arise branches uniting to form a retiirn 
(efferent) vessel, which emerges from the C 2 q)sule alongside the afferent vc -el 
and breaks up into ordinary capillaries, which are distributed to the cortex 
medulla, and finally empty into the renal vein. (See Fig. 419.) 

The function of the kidneys is to excrete from the blbod a gt ^ 
part of the soluble exhad$]bed materials. The excretion itself occurs in 
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tubules of the kidney. (Semi- 

l..vas afffr'en?^2 "?eff '"t*^«®bular 

’’‘terlobular vein* i * 'fin » ^ vasa recta; c, venae rectae; w, v, 

iKbules; /. t, Henle^ I’oTn glomerulus; 4^. jr, convoluted 

^■‘indois) ''' “Meeting tubes; 0, excretory tube. (After 
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two different portions of the kidneys: first, from the loops of the 
glomeruli into the capsule of Bowman, and, second, from the renal capil- 
laries into the urinary tubules. The true parenchyma of the kidney, i.e,, 
the glandular epithelium, also is actively concerned. The membrana 
propria — the homogeneous, structureless membrane beneath the epithelium 
— which is rarely affected except in amyloid and calcareous infiltration, 
remaining uninvolved in all active and passive processes, is generally 
considered to belong to the stroma and not to the parenchyma. Aside 
from this membrana propria, or basement membrane, the stroma is com- 
posed of vessels, nerves, and a small amount of interstitial connective 
tissue. 

The secretory role of the constituents of the renal cortex has not yet been 
fully established. Many defend the view of Ludwig, according to which the 
urinary constituents are secreted through the glomeruli, and that the urine, which 
from there enters the renal tubules in a very dilute state, undergoes no other 
change during its passage through the tubuli than concentration by absorption of 
water. Most authorities, however, accept the view of Heidenhain, according to 
which the specific constituents of the urine (i.e., urea, uric acid, urates, etc.) arc 
elaborated by the secretory activity of the epithelium of the renal tubuli, and 
that the greater part of the water of the urine is excreted unconcentrated by the 
glomeruli. The density of the secretion is decidedly greater in the intercalated, 
looped, and straight portions than in the convoluted portion of the tubules. Secre- 
tion of specific substances occurs only in the convoluted tubules of the first order, 
while exclusively or chiefly absorption of water occurs in the loops, intercalated 
portions, and collecting tubules. According to the investigations of Nussbaum, 
sugar and albumin also are excreted by the glomeruli. As regards hemoglobin, the 
conditions are similar to those operative in the case of albumin, since in experi- 
mental hemoglobinuria hemoglobin can be found in Bowman’s capsules before it 
appears in the renal tubules. In markedly diseased organs in which the epithelium 
is greatly altered or entirely absent, there seems to be no reason to doubt that 
albumin can enter directly the renal tubuli, 

Kryoscopy (xpiJos, ice cold), the observation of the freezing-point of the 
blood, urine, transudates, exudates, cerebrospinal fluid, has recently been extensively 
employed. Normally, the freezing-point of the blood is about — ().54® C. Insuflici(Mit 
renal function — deficient excretion through the agency of the urine — causes accu- 
mulation of substances in the blood and increa.ses the molecular concentration of 
this fluid, and the freezing-point is greatly lowered ( — 0.58® to — 0.59® C.) : lowering 
of the freezing-point. When only one kidney is diseased, this method, when appli*^'^ 
to the urine, shows whether the other organ possesses sufficient functional capacity. 

The processes occurring in the kidneys are usually divided into ( ^ ) 
parenchymatousi and (2) interstitial, and (3) such as 
with affection of the circulatory apparatus. The parenchyu'^' 
tous changes are divided into active and passive. The active pr‘ >c- 
esscs are represented principally by parenchymatous nephritis, wbi^'b 
occurs idiopathicly — f.c., as an independent disease — as well as sympb^ 
maticly, ue,, as an accompaniment of other diseases. It is present in 
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all severe febrile infectious diseases, and develops in many intoxications, 
both chemic and bacterial. 

Parenchymatous nephritis is the most frequent form of renal dis- 
ease. Nearly all the convoluted tubules of both kidneys are involved, 
while the straight tubules may at first remain entirely unaltered. The 
first stage {stadium incrcmcnti) is that of cloudy swelling, in 
which the renal epithelia become larger, strongly granular, and clouded 
as the result of accumulation of albuminous’' granules. The increase in 
volume of the individual cells leads to swelling of the whole organ, espe- 
cially in its anteroposterior diameter. The enlargement is confined prin- 
cipally to the cortex, which, upon section, is remarkably broad in pro- 
portion to the medullary pyramids. As the swelling diminishes the space 
for the blood-vessels of the cortex, anemia occurs in this part, and col- 
lateral hyperemia is present in the pyramids. Consequently, the cortex 
is strikingly pale in contrast to the medullary pyramids. The individual 
convoluted tubules are enlarged anil cloudy. When the cloudy swelling 
has reached its highest degree — the acme of the process — the cortex some- 
times api^cars to be intensely and uniformly clouded and pale gray, as if 
the kidney had been boiled. 

If the inflammation or toxic action is very intense, hemorrhage 
occurs: hemorrhagic nephritis (clinicly: hematuria). This 
is uniformly the case in poisoning with potassium chlorate, cantharidin, 
etc., and often in scarlatina, malaria, and yellow fever. (See p. 587.) 
The hemorrhages #may take place into the capsular space between the 
loops of the glomeruli and Ilowman’s capsule, or into the lumina of the 
urinary tubules, and rarer into the .stroma. Such a kidney is studded 
with red points; the puncta are upon the surface, where normally no 
glomeruli, but only convoluted urinary tubules, are present, and are almost 
always larger thjn a glomerulus, since very frequently a group of renal 
tubules is filled with blooil. The bloo<l gene/ally is discharged with the 
urine, or it is retained and transformed into pigment, in which state it 
niay still be found within the urinary tubules as pigment infarct 
(see p. 843) long after the disease has subsided. 

In simple acute, as well as in hemorrhagic parenchymatous, nephritis 
there is functional disturbance; the epithelia have lost their elective 
^'apacity; in addition to the normal urinary constituents, they permit the 
passage of albumin. If, however, the process does not make further 
progress, restitutio ad integrum is always possible — the epithelia grad- 
ually returning to their normal condition through assimilation or excre- 
hon of the excessive albuminous material. As soon, however, as the 
’Stadium mcrementi, i.e., the stage of cloudy swelling, is followed by the 
'Stadium decrementi, i.e., the stage of retrogressive fatty metamorphosis, 
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in which the albumin granules of the cell-body are substituted by fat- 
granules or the minutest fat-droplets, an irrei^arable necroWotic process 
begins. In this stage the optic character of the parenchyma is so altered 
by the strong refraction of the fatty material that it is more cloudy and 
mottled yellow. As the stroma, which thus far has remained unaltered, also 
generally suffers in this stage (as a result of partial fatty metamorphosis, 
etc.), the previously firm and quite dense consistency of the kidney 
usually diminishes, and, although the organ remains strongly swollen, it 
becomes soft and flabby. If all the albuminous material of the cortic 
parenchyma is transformed into fat, the almost bloodless surface of the 
organ is whitish yellow in color, smooth, and interrupted only by isolated 
red stars: the stcllulcr verheyenii, or stars of Ferrein. 

There is another affection related to this severe form of parenchy- 
matous nephritis in which the surface of the kidney is likewise smooth 



Fig. 420. — Termination of a severe acute parenchyftiatous nephritis in 
fatty metamorphosis, a, convoluted tubules strongly clouded, in a state of 
fatty metamorphosis ; b, stroma ; c, glomeruli contrast sharply with the urinary 
tubules by their lighter appearance. Low magnification. (After Langerhans.) 

and yellow, but in which the whole organ is much more swollen and very 
firm in consistence. Even externally, pale-yellow poiifts and spots se]’- 
arated by gray, translucent, almost glassy bands can be seen upon the 
surface. These are observed also on the cut surface of the greatly thick- 
ened cortex. The whole cut surface is somewhat dull, sometimes even 
dry, and, as a rule, the intensely hyperemic, slightly cyanotic medullary 
pyramids have a translucent reddish color, especially in the neighborhood 
of the arcus renales. This state of the kidneys has been designated as 
*‘largc yellow kidney.” There is also more or less intense amyloal 
degeneration of the vessels, especially those of the glomeruli; 
swelling of the parenchyma ; usually quite advanced fatty metamorphosis 
in which even the stroma is often more or less involved; sometimes prolif- 
erations in tlie stroma {nephritis interstitialis proliferd) and very often 
extensive thrombosis of the small and medium-sized veins» as a result 
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of marlced slowing of the blood-current due to amyloid alteration of the 
vessels and swelling of the parenchyma. The large yellow, kidney may 
occur idiopathicly or deuteropathicly. In the latter case it is most fre- 
quently associated witli pulmonary tuberculosis, less often with valvular 
lesions of the heart, ‘malaria, syphilis, and other diseases. 

In the large yellow kidney fatty metamorphosis may be followed by 
disintegration of the altered epithelium into a fatty detritus, in which 
process the epithelia of Bowman's capsules and of the glomeruli are also 
involved. As a rule, however, death occurs before this disintegration 
takes place. 

Essential or unilateral hematuria (hematuria sine materia) is an affection 
of unknown etiology, described by Sabatier, in 1889, characterized by intermittent 
hematuria with or without renal pain. Pans^ distinguishes essential hematuria 
from, a, hematuria due to overexertion, wandering kidney, hydronephrosis, ovet- 
distention of the bladder in prostatic disorders, pregnancy, lactation, renal calculus, 
renal neoplasm, etc., and, b, renal hemophilia. The French attribute the affection 
to the influence of the nervous system; others to vasomotor disturbances in the 
kidneys: '‘angioneurotic hematuria,” comparing it with vicarious menstruation. 
Other investigators have found small foci of parenchymatous or interstitial nephritis 
in the excised kidneys and attribute the hematuria to these diseased areas. It 
probably always is dependent upon .some anatomic change. The prognosis is good, 
as no patient has died from the disorder. 

In so-called catarrhal nephritis (desquamative nephritis) the con- 
voluted tubule.s usually remain intact and only the straight urinaiy 
tubules arc affecU^. The change begins in the apices of the medullary 
pyramids and advances from there toward the? periphery of the kidney. 
The process consists essentially of a desquamation of the epithelium. 
Before this begins there is always very intense hyperemia of the other- 
wise only slightly reddened medullary pyramids. The hyperemia is dis- 
placed from the calices onw^ard l)y a gray-white color. In the best 
examples a gray-white aiivl an intensely reddened zone are seen, and 
occasionally, in recidives, a duplication of both of these zones occurs. 
Oenerally, the gray-white condition is observed only at the apices of the 
medullary pyramids. This catarrhal nephritis, then, begins with an in- 
flammatory hypercmic stage, which is followed by desquamation and 
accuinuIaUon of the clouded and partly fatty metamorphosed epithelium. 
1 he epithelial masses are finally discharged with the urine, partly as 
'tingle cells, partly in the form of cylimlers (casts). Consequently, the 
termination of the process consists in a loss of parenchyma, which, how- 
ever, may be readily replaced. 

ioin ^ Mag. f. Laegevicletisk., Ixx, p. 343 ; Ref. The Med. Chronicle, Afirtl, 

p. 
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Severe parenchyma tous nephritis, in which fatty meta- 
morphosis of the whole cortic parenchyma occurs without amyloid 
degeneration, represents in a measure the acutest course of paren- 
chymatous nephritis ending fatally. On the other hand, so-called chronic 
parenchymatous nephritis^ begins quite latent and progresses slowly. All 
parts are not affected at the same time ; hence, at necropsy portions of the 
parenchyma capable of function are found alongside of such which are 
in a state of fatty metamorphosis, and others which are already com- 
pletely disintegrated and atrophied. This inequality results in unequal 
atrophy of the cortex, which acquires a coarsely granular 
appearance. The surface of such a kidney is distinguished from 
the surface of a kidney altered by interstitial processes by its coarsely 
granular appearance, the granula being almost as large as a millet seed. 
These ccrtisist of the best preserved, but in part also fatty metamorphosed, 
portions of the parenchyma, while the depressed portions have retracted 
as a result of disapi>earance of the parenchyma. The latter appear red 
as a result of strong filling and distention of the vessels ; the granula, on 
the other hand, are cloudy or mottled yellow. Within the atrophied and 
retracted portions secondary proliferative processes sometimes occur in 
the stroma. This is the termination of a chronic parenchymatous nephri- 
tis, which often extends over a period of many years. 

Ernberg2 quite recently has made extensive investigations upon acute 
nephritis in children and adolescents with especial reference to prognosis, the 
basis of his research being the examination of 156 clinicly determined cases sixteeti 
to twenty-three years after subsidence of nephritis. The material is divided into 
two groups: the first including cases of acute nephritis during childhood (1 to 15 
years), the second such at ages of from IS to 30 years. All positive cases without 
selection were included, among them types clinicly very different (nephritis after 
scarlatina, measles, diphtheria, angina, acute and subacute nephritis). Exact 
determinations could be made in 89 cases of the first and in 38 of the second group. 
The examinations were directed chiefly to the kidneys and vascular system, and, 
judging from the protocols of the author, were conducted with such care, exactitude 
of method, and critic analysis that the results offer valuable material in answer 
to the important question of the fate of juvenile nephritics. In both groups it was 
shown that the patients sixteen to tw'enty-three years after their nephritis were, as 
a rule, free of symptoms of this affection. In only 2 cases where in childhood tlu 
diagnosis of “acute nephritis” had been made were there any manifestations of 
nephritis, and, in these, various conditions indicated that the nephritis of«, later years 
originated from other causes and, probably, represented no direct persistence of 
the acute nephritis of childhood. Accordingly, it would seem that nephritis ni 
childhood does not to any considerable degree predispose to the acquisition 'd 
chronic renal affections in later years. 

1 There can be no chronic involvement of the parenchyma without interstitial 
change also. 

*Nord. Med. Arkiv, 1911, Abt. II; Ref. Zeitschr. Aerzt. Fortbildung, 

No. 10, p. 302. 
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Symptoms on the part of the vascular system were demonstrated in 11 of 
127 cases. In S cases there were present chiefly mild accidental murmurs which, 
owing to their, frequency, could not, of course, be regarded as connected with the 
nephritis. In several instances slight increase of blood-pressure was noted. As, 
however, no symptoms of nephritis were present in these cases there was no reason 
to assume any connection with the original nephritis. Ernberg, therefore, concludes 
that acute nephritis in childhood or adolescence is not, as a rule, followed by any 
dangerous consequences in later life. 

The significance that can be assigned to persistence of mild albuminuria after 
acute nephritis is also discussed by Ernberg. He was able carefully to follow the 
histories of IS children who had been discharged with albuminuria after from 
three to four months in the hospital. In no case did the final examination show 
pathologic manifestations either in the kidneys or vascular system. On the basis 
of these findings, Ernberg assumes, with von Noorden, that these albuminurias, 
provided all other indications of progressive nephritis are al^sent (blood-pressure), 
are benign, and he justly draws attention to the fact that such patients, when 
treated for a long time for nephritis, may be rather injured than benefited. 

Finally, Ernberg endeavored to determine whether there is any connection 
between acute nephritis and orthostatic albuminuria, making, with this object in 
view, serial examinations of the urine in 32 cases. In no case was he able to find 
orthostatic albuminuria. Although the cases investigated were between 19 and 32 
years, and orthostatic albuminuria occurs chiefly in juvenile subjects, Huebner 
observed this affection after the twentieth year in about 32 per cent, of his cases. 
Ernherg’s investigations, therefore, at least show that acute nephritis does not pre- 
dispose to chronic orthostatic albuminuria (see below). 

Albuminuria. — In the great majority of instances every per- 
sistent albuminuria is indicative of disease of the kidney and less often 
of the urinary trict. Transitory c.xcretion of albumin occurs in 
fever, venous congestion, nervous disturbances (delirium tremens, epi- 
lepsy, cerebral concussion, etc.) ; also in a number of chronic constitu- 
tional and infectious diseases (severe blood affections, diabetes mellitus, 
tuberculosis, etc.) ; finally, as a result of obstruction to the flow of urine 
due to pressure of stones, neoplasms, etc., upon the ureter. 

Physiologic, cyclic, orthostatic albuminuria are terms employed to 
designate an occasionally rapidly transitory excretion of albumin, seldom 
lasting for months or years, often pcriodicly intemiittent and always 
flight, in which the most careful microscopic examination of the urine 
reveals not the slightest deviations, and clinic signs of an acute or 
chronic affection of the kidneys are lacking. This form of albuminuria 
sometimes observed in the absence of any antecedent cause (among 
^‘ihers, in the newborn) ; more frequently, however, only after severe 
h^Kiily exertion, very hearty meals, cold baths, mental strain, violent 
emotional excitement, etc. For example, among 119 healthy soldiers, 
1 <‘ube found unquestionable albuminuria in 19 — i,e,, in 16 pet cent. — 
long marches. A definitely regular cycle is often unmistakable. 
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Such cases «re designated as "^cyclic albuminuria” (Pavy). U^Hy the 
subjects arc youthful individuals in whom the excretion pf alburtiin 
is induced by change from the recumbent to the upright position: 
orthostatic albuminuria. Indeed, the albuminuria generally is most in- 
tense very soon after rising or shortly after prolonged exertion. The 
decidedly pronounced cyclic character of the excretion occurring under 
ordinary modes of life can at any time be made wholly to disappear by 
several days’ rest in bed. 

As to the justification, for assuming the existence of physiologic 
albuminuria and of its subordinate form, opinion is divided. There is 
much evidence to warrant the view that, from a practic standpoint, 
physiologic as well as cyclic albuminuria should be regarded with mucli 
skepticism. In fact, many examples of so-called physiologic albuminuria 
have subsequently proved to be genuine cases of nephritis. It should also 
be borne in mind that many cases of contracted kidney at times show iti 
the urine no trace of formed elements, and that the other clinic phenom- 
ena may be obscured. Senator justly warns against declaring as physio- 
logic even an insignificant cyclic albuminuria in persons at or beyond 
middle age. In young individuals he considers an albumin content of 
0.4 to 0.5 pro mille as the limit beyond which an albuminuria can no longer 
be regarded as physiologic (Lenhartz-Hrooks). 

Palpatory pressure in the epimesogastric region (upon the suprarenal aorta 
or at the level of origin of the renal arteries) may produce disturbance of the renal 
circulation sufficient to cause albuminuria lasting for from several minutes to 
twenty-four hours. Compression of the inferior vena cava above the point of 
entrance of the renal veins also may cause transitory albuminuria. The albuminuria 
thus produced is referred by Schreiber' not to organic lesion, but to lowering of 
the renal blood-pressure. 

L. Piesen2 examined 147 school children, of from 9 to IS years of age, to 
determine the frequency of lordotic albuminuria. After from ten to fifteen minutes 
standing in the lordotic position, 61 (41.5 per cent.) showee^ albuminuria; after 
ten minutes sitting with the arms crossed behind the back, which is a common 
practice in many schools, but should be forbidden, 28 (19,2 per cent.) showed 
albuminuria. The disposition to lordotic albuminuria is at the same age, the great iT 
the taller the child; in other respects it increases with age. Furthermore, there 
is a certain dependence upon mobility of the kidneys. 

According to G. Kobler,^ the urine of numerous patients who suffer with 
more or less severe constipation contains both albumin and casts. Gists without 
albuminuria are also not infrequent in this affection. 

In contrast to the alterations of the parenchyma, beginning with an 
active stadium, stand the true passive changes. Destruction of the epi- 
thelia occurs also in these. 

1 Deutsch. Arch. f. klin. Med., xcvii, p. 1. 

a Wien. klin. Woch., 1911, No. 1. 

1910, No. IS. 
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Here belong, first of all, those processes whidi originate in the 
stroma of the kidney: interstitial (productive) nephritis. These are 
especially productive inflammations which pursue either an acute or a 
c h r o n i c course. The first form leads to the development of pus. In 
this case, the vascular system especially, and in lesser degree also the 
interstitial connective tissue, is involved. An active emigration of the 
colorless blood-corpuscles takes place from the capillaries, and the slight 
amount of connective tissue proliferates. The intercellular substance dis- 
appears proportionately with the increase and accumulation of the cells. 
This process, which begins in the stroma, soon extends to the true paren- 
chyma, Le., to the renal tubules ; the pus-corpuscles first penetrate between 
the epithelial cells and enter the lumina of the urinary tubules, which can 
still be followed as such; the limits of the process, however, then dis- 
appear, and the whole focus becomes uniformly infiltrated with pus. 
Anemia is present within this inflammatory focus, and in the periphery 
there is sometimes, but not always, intense hyperemia, which surrounds 
tlic strongly cloudy, quite sharply defined, grayish-yellow focus proper 
as a red halo. 

These foci are found in the cortex as well as in the pyramids. In 
the former case they are situated chiefly in the periphery, at the surface 
of the kidney, and are sometimes slightly elevated. The foci, especially 
the more recent, frequently have the form of a wedge (corresponding 
to the ramifications of a small artery), the apex of which is directed 
toward the pyramid. In the pyramids the foci are spindle-shaped, 
the long axis running parallel to the straight tubules. Here they are 
generally trifling in breadth and, consequently, extend over only a few 
straight tubules. 

This form of acute interstitial nephritis occurs in several acute in- 
fectious diseases^ especially in malignant endocarditis, puerperal sepsis, 
etc., in which it is the result of embolic nietastases. In these instances 
infectious material, especially cocci, enters the capillaries of the kidney 
with the blood. The termination of this process is invariably abscess 
formation. As a rule, a large number of such foci are found. Hy 
further extension and confluence of smaller foci, large abscesses may 
^<^metimej form which involve the fibrous renal capsule, produce a peri- 
nephritis apostematosa,'^ lift the capsule from the kidney by large collec- 
tion of pus, and, finally^ totally destroy it, and, penetrating the surrounding 
'\<hpose tissue, produce a phlegmonous paranephritis. This 
] process occasionally extends to the peritoneum and pleura. 

In other cases a reverse course takes place, the purulent process 
[^Uacking the surface of the kidney from without. In this instance, espe^ 


^Apostema: an abscess. 
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dally in the beginning, the urinary passages, from the renal caliccs down- 
ward, may remain wholly intact. 

Finally, purulent nephritis may be preceded by supjpurativc or 
diphtheritic inflammation of the urinary tract— of 
the bladder, ureters, renal pelvis, and calices : pyelitis. The latter affec- 
tion also almost always involves the true renal tissue and produces a 



Fig, 421 .— Pyelonephritis due to obstruction of the ureter by a calculus. 

(Case of Dr, F, M, Barden,) 

pyelonephritis apostematosa. Sometimes, especially in calculous forma- 
tions and in diphtheritic and tuberculous processes, only the ajSices of the 
pyramids are involved; frequently, however, the process penetrates the 
pyramids to the oortic substance and produces foci quite analogous 
those observed in the embolic form, with the difference only that tlie 
infectious material enters by way of the urinary tubules. 

The pus in the kidney may be discharged externally through the 
urinary passages, or remain in loco and become inspissated, caseous, 
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frequently calcified. In this form of nephritis the uninvolved paren- 
chyma of the kidney is always in the state of parenchymatous cloudy 
swelling. On the other hand, the suppurative form may occur in combi- 
nation with indurative as well as with amyloid changes. In connection 
with large abscesses and intense clouding of the remaining parenchyma, 
aside from a considerable increase of volume, there is usually such pro- 
nounced relaxation^ of the whole organ that it hangs over the finger like 
a glove or an empty purse, 
the slightest agitation impart- 
ing to it a characteristic trem- 
bling motion. 

While acute purulent in- 
terstitial nephritis is almost 
always a secondary process, 
the chronic indurative 
form occurs idiopathicly as 
well as secondarily, in focal 
form, like the acute, and as 
a diffuse general affection. 

In every case the point of 
origin of the changes is the 
scanty connective tissue of the 
stroma. The vessels are pas- 
sively involved. TJ^e process 
begins with proliferation of 
the connective tissue. Mul- 
tiple chronic interstitial ne- 
phritis is most frequently ob- 
served in constitutional 
syphilis. The proli f era- 
lion is often confined to small 
Jireas, but may involve also 
huge portions of the kidney, 
more than one-half of the organ is sometimes thus altered. Frequently, 
especially in the case of smaller foci, the cortex only is affected ; in other 
instances the pyramids also are involved. As a result of this connective- 
hssue proliferation the involved areas are pale, translucent, and light 
Rray in color. The new-formed tis|ue, by early formation of inter- 
cellular substance, manifests a marked tendency to develop into true 
connective tissue; by cicatricial contraction of the intercellular 

. ^Relaxatio: looseness; induced by the parts becoming more and more loose 
consistency and more movable upon each other. 



Fig. 422. — Chronic interstitial nephritis 
with complete disappearance of the con- 
voluted tubules. The glomeruli are so 
closely arranged that in some parts the 
capsules are in contact. The glomeruli 
have in some places fallen out. The cap- 
sules are greatly thickened and concen- 
tricly lamellated. The parenchyma has 
completely disappeared, f (After Langer- 
hans.) 
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fibors, into sca.r tissue, and, the parenchyma undccgslqg alfc^Aqr, 
finally to form a ci,ca>>trix. In diis process the parendiyma retsaina 
purely passive ; it disappears by fatty metamorphosis or necrobiosis, but 
without preceding inflammatory swelling. This, th«’efore, is not an 
active, but a simple passive, atrophic process. The renal tubules first 
undergo atrophy. The glomeruli are generally more resistant (sonse* 
times they are first affected), and in atrophy of the convoluted tubules 
are closely approximated (see Fig. 422), so that large cortic areas often 
con^ only of glomeruli and new-formed connective tissue; la the 
formation of a scar, retraction of the surface takes place, which is to. be 



Fig. 423. — Chronic interstitial nephritis. Concentric lamellation of the 
new-formed connective tissue surrounding a still well preserved glomerulus. 
(Zeiss Apochr., 4; Comp. Ocul., 4. After Langerhans.) 

sharply distinguished from cicatrices due to infarction and from renicular 
markings of the kidney (lobulated kidney), whicli are qflite frequent and 
date from the time of coalescence of the reniculi to form the ki^ey, and 
have no pathologic significance. The renicular markings are always very 
uniform and correspond exactly to the limits of the individual reniculi. 

In general diffuse interstitial nephritis the process begins eitbci 
principally in the connective tissue between the urinary tubules or in tlu 
tissue present in the periphery of Bowman’s capsules. Generally, afto 
loi^ duration, neither variety is met with in pure form. Mixed form^ 
are most frequently found. In the primary stage the kidneys have i 
smifiath surface, a quite uniform, pale-red color, and are markedly den^c 
in amistency. As soon, however, as intercdlular substance deuek^s an l 
retraction begins, the surface acquires a very characteristic red and 
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ex<x«e"dinjgl 7 Hnrly granular appearance*: granuiur atrophy. 
As the granules are about the size of the hnest grains of saiid and project 
but slightly stbove the surface, the term smooth atrophy also is 
employed to designate this condition. The cut surface of such a kidhey 
is uniformly pale red. The oortic portion on section is narrower, the 
pyramids shorter, so that, finally, the whole organ appears very much 
reduced in size. The fibrous capsule of the kidney can be removed only 
with difficulty, because the connective tissue which accompanies the veins 
upon the surface of the kidney {stellulce vcrheyenii) into the capsule 
increases and results in very firm, intimate union of the capsule with the 
kidney. The glomendi are gradually converted into quite refractive, 
glistening, homogeneous masses in which nothing can be distinguished. 
In this condition they are frequently the seat of calcareous deposits. 

In contracted kidney the hilus is very frequently enlarged as the 



Fig. 424. — Congenital cystic kidney. Yz natural size. (After iMngerhans,) 

result of overdevelopment — a kind of compensatory hyper- 
plasia — of the aiipose tissue in the region of the renal pelvis and cal- 
icos, so that the kidney, viewed externally, appears to be only slightly or 
not at all reduced in size. 

In many cases of interstitial nephritis the peculiar disposition to ex- 
cessive formation of connective tissue is very early manifested by the 
occurrence of isc4ated fibromata. These are small, miliary, translucent, 
light-gray to whitish-gray, quite hard connective-tissue nodules, occurring 
especially in the region of the pyramids, and belong in the domain of 
^renuine neoplasms. 

Marked contraction in certain portions of the kidney may soon cause 
constriction of other parenchymatous areas still capable of function. The 
result is actasis of the latter from secretion and accumulation of fluid. 

the constriction is complete, true cystic formation results from 
increase of the contents. If a number of cysts lie contiguous to each 
nilier, erosion of the walls occurs as a result of atrophic processes, and 
larger cysts thus gradually develop from the communicating smaller cysts. 

Cicatnees due to infarction, on the contrary, have a smooth and grayish^ 
surface. 
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In hydrops renum cysticus of the newborn (see Fig« 424), which is 
the result of intrauterine acquired nephritis with atresia of the papill®, 
and sometimes also of the ureters, a more or less large, compiictly ar- 
ranged conglomeration of small or large cysts up to the size of a pigeon- 
egg is found, which often has a certain resemblance to a bunch of ripe 
, grapes. These congenital cystic kidneys sometimes attain enormous size. 
Often both kidneys are altered in this manner; sometimes, however, 
only one is affected, while the other is perfectly sound. In adults, also, 
kidneys which are altered in the same manner and very considerably en- 
larged are sometimes found. The individual cysts vary in size from that 
of a hemp seed to that of a hazelnut or walnut. According to recent 
investigations (Nauweck-von Kahlden), some of these cyst formations 
are due to atypic glandular proliferation, and, in accordance with similar 



Fig. 425. — Renal concretions (beginning cystic degeneration'). Fresh section. 

(Zeiss Apochr., 16; Comp. Ocul., 4. Reduced After Langerhans.) 

formations in the ovaries, are designated also as cystomata or 
adenocystomata. ( See Fig. 424.) 

While incision of the medulla of the kidney generally haals by connective- 
tissue cicatrix, according to Ribbert a cyst-like cavity sometimes forms in which 
urates may precipitate. Renal cysts occurring independently of trauma are, as 
above stated, usually referred to retention of water due to obstruction or occlusion 
of the urinary tubules through pressure exerted by contracting connective tissue 
So long as the congested water is absorbed from the obstructed tubules, no cyst" 
develop; if, however, the function of the glomeruli continues and absorption ceases, 
whether from interstitial change (deficiency of lymphatics), long-continued moderate 
pressure upon the epithelium from congestion, cysts develop. In interstitial 
nephritis, in which cyst formation is most frequent, the connective tissue undoubted! v 
contains much fewer lymph channels than normal and, therefore, is less adapted 
to absorption. The objection that cysts may form also in normal kidneys may h * 
explained by the fact that, while after occlusion of a tiibule the greater part of t*' ' 
water is absorbed, a mild congestion occurs, as in hydronephrosis, which on loi'^: 
duration may suffice so to alter the epithelium that it gradually loses its absorbi'\s^ 
power. 
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Cyst formation imy occur in the kidney also as the result of previous 
development of concretions within the lumen of the renal tubules. 
These concretions are homogeneous, glassy, usually colorless, round, oval 
or elliptic, inelastic, brittle masses with slightly glistening periphery on 
niicroscc^ic examination, which always completely occlude the lumen of 


the renal tubules. At first the epithe- 
lium is distinct and almost unaltered ; 
later, however, when the concretions 
become larger by deposition of new 
lamellae upon the external surface 
and appear more or less concentricly 
lamellated, the epithelium gradually 
becomes lower and assumes a squa- 
mous form, the rounded nuclei 
also becoming flattened or disap- 
I>earing entirely. The tunica pro- 
pria is usually unaltered ; sometimes, 
however, it is slightly thickened, 
sometimes markedly thin. These 
concretions seldom occur singly. As 
a rule, the renal tubules of a larger 
or smaller area of the kidney are 
quite uniformly altered in this man- 
ner, so that in a microscopic section 
tlie concretions occur as striae and 
bocculi, most frequently accoin- 
panied by interstitial nephritis. The 
lK)int of predilection of these con- 
cretions is the region of the arcus 
rcnales; the alteration is not, how- 
ever, confined entirely to this local- 
ity, but occurs in all portions of the 
Cortex and pyramids. (See Fig. 
425.) 

When • concretions present in 
^‘Ijacent renal tubules enlarge, not 
only the epithelium, but also the 



Fig. 426. — Rena! concretions (be- 
ginning cystic degeneration), c, well- 
preserved epithelium ; atrophic 
low epithelium, similar to squamous 
epithelium ; epithelium scarcely 
recognizable, forms a faint granular 
layer; dense, peculiar, glassy epi- 
thelial layer. This has the same 
luster as the concretions. The epi- 
thelial ring is recognizable essentially 
by the nuclei ; the epithelia appear to 
have coalesced. The larger concre- 
tions are distinctly lamellated. (Zeiss 
Apochr., 4; Comp. Ocul., 4. After 
Langerhans, ) 


siroma of the kidney, suffers, the vessels being compressed and the 
"'troma disappearing by atrophy. Adjacent concretions thus come in 
Contact and coalesce, and larger concretions gradually develop from 
ones. (See Fig. 426.) Liquefaction of the hard, brittle 
not ittfrequefitly occurs in tlie larger concretions, so that cysts 
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scarcely distinguishable from the renal cysts previously described are 
thus produced. Within the older, larger, distinctly concentricly lamel- 
lated concretions, the older central portions are frequently stained yellow 
to brown, while the younger peripheral lamellae are almost always colorless. 

Chronic interstitial nephritis in pure form is by no means very fre- 
quent. It may develop as an entirely independent disease, sometimes 
occurs in general, far-advanced arteriosclerosis as so-called arterio- 
sclerotic contracted kidney, is a frequent accompaniment of a general 
gouty affection (gouty kidney), and, finally, it occurs in syphilis and 
certain poisonings {c-g., lead). Abuse of alcohol, chiefly by dis- 
turbance of digestion and consequent formation of toxins in the ingesta, 
produces a similar disposition to interstitial processes in the kidneys as in 
the liver. 

It now appears to be well establisheil that gastrointestinal disturbances 
characterized by excessive fermentation and putrefaction induce degen- 
erative arterial changes. There is ample foundation for the belief that 
the influence of syphilis in the production of scleroses has been exagger- 
ated, and that many arteriosclerotic conditions attributed to this source 
are in reality due to the prolonged continuous influence of toxins absorbed 
from the intestinal tract. Indeed, Heubner and Lancereaux deny to 
syphilis all influence in the production of arteriosclerosis (Roger). The 
process in intestinal disturbances of the type above mentioned is a true 
intoxication of the organism. Although the liver is usually the organ 
most markedly involved (sclerosis),, the toxins sooriVir or later pass the 
barrier opposed by this gland and act upon other organs, especially the 
arteries of the principal emunctories, namely : the kidneys. In the latter 
organs the parenchyma (the epithelial cells) is gradually and insidiously 
succeeded by fibrous tissue. Individuals suffering from this disturbance 
usually pass a urine but slightly deviating from the Rornial as regards 
spedfic gravity, color, and amount. Chemicly, however, large amounts 
of indican and occasionally traces of albumin, and not infrequently small 
hyaline, finely granular, epitheliated casts and such containing very 
minute droplets of fat, are found. 

Combinations of parenchymatous and interstitial nephritis are quite 
frequently observed in which it is often impossible to decide which process 
was primary. These forms are best designated by the simple expressi<>u: 
chronic diffuse nephritis. These mixed forms are sometimes macroscop- 
icly recognizable by the quite unequal involvement of certain large areas, 
often reniculi, sometimes, however, only by the absence of the character- 
istic features of granular atrophy resulting from pure parenchymatous 
or pure interstitial processes. 

Veiy closely related to these combination forms is simple atrophy 
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of the kidneys, in which almost only passive, but no or only very 
slight active processes occur. This atrophic form develops in old age 
ami in juvenile senescence. Such kidneys arc small, firm or flabby, and 
pale reddish in color; the cortic and medullary portions are quite uni- 
formly involved in the atrophy, so that on incision the cortex appears 
small and the pyramids low ; the surface is irregular and more undu- 
lating than granular in appearance. In this condition small portions of 
the parenchyma very gradually desquamate, while the remaining parts 
still retain more or less of their ca])acily for function. This form of 
atrophy develops very slowly and latently without producing any clinic 
symptoms whatsoever. 

In youthful individuals, also, atrophied glomeruli or destroyed uri- 
nary tubules or isolated c])ithelia in a state <if fatty metamoqdiosis are 
found here and there in kidneys which apparently are intact ; this is not, 
however, the expression of an indammation. When large areas are 
involved, it is not improbable that a i)rocess has occurred in these parts. 
If, however, desquamation is confmed t<> quite minute areas, r.r/., to indi- 
vidual cells, the assumption that even in the kidneys individual cells may 
occasionally die and be replaced is much more probable. At least, the fact 
tliat individual cells in a state of fatty metamor])hosis are not infrequently 
found in perfectly healthy kidneys speaks in favor of this view. 

Hypertrophy. — It has been shown that rabbits can live with one- 
lliird to one-fourth of the original amount of kidney substance, but only 
when the remaining kidney-tissue hypertrophies. When one kidney is 
excised, the other at once assumes the function of the missing one. This 
is due to the “reserve power” of the kidney, which is called forth only 
under certain conditions and is sufTicient to compensate for tlic loss of 
the other kidney. It is also known that the remaining kidney gradually 
increases decidedly in size. It thus a])parcntly again acquires “3*eservc 
l>ovver.” This reserve power, however, is inconstant and depends un- 
doubtedly upon the age and probably also upon the, for some unknown 
I'eason, quicker or slower adaptability of the organism or kidney. The 
enlargement is due to increase of the epithelia and synchronous elonga- 
tion of the renal tubules, and enlargement of the glomeruli, f.c., principally 
to hyperplasia. Hypertrophy is of importance in so far as, after operative 
Removal ol one kidney, too great demands should not be made upon the 
other. Slight amounts of toxic substances which ordinarily would be 
excreted exert, under these circumstances, injurious effects upon the body 
general or upon the other kidney. 

In the class of mixed, active, and passive alterations belongs hydro- 
nephrosis. Interstitial processes, which, however, do not lead to a 
distinctly characteristic alteration of the surface of the kidney, are 
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invariably found in this ccmdition.^ The cause of this process is intense 
filling and dilation of the renal pelvis and calices as a result of stasis 
of urine. The strong pressure thus produced renders the pyramids lower 

and flatter and the oortic sub* 



Fig. 427. — Hydronephrosis from too high 
origin of the ureter at the upper pole of the 
right kidney of a woman aged 38 years. % 
natural si 2 c. A, B, and C form tripartite pel- 
vis ; A and C are separated by a fold P, 7 cm. 
in height. Communication narrow, scarcely 
admits one finger. Between X and K acute- 
angled origin of ureter; K acts as a valve on 
filling of A. (After Langerhans.) 


Stance thinner. In marked 
hydronephrosis almost all the 
renal parenchyma finally dis- 
appears and a large, thin- 
walled .sac filled with fluid 
develops. Productive inflam- 
matory processes, which re- 
sult in enlargement and thick- 
ening, also occur in the walls 
of the renal pelvis and calices. 

Hydronephrosis occurs 
unilaterally and bilaterally. 
The nature of the obstruction 
to the discharge of urine may 
be very variable. In the 
female, sta.sis of urine fre- 
quently is the result of dis- 
eases which have their origin 
in the sexual apparatus: es- 
pecially tnqiors of the uterus 
which involve or compress a 
ureter. Next, di.splacemenls 
of the uterus claim attention, 
particularly retroversion and 
prolapsus uteri with inversio 
vagififc. Finally, chronic para- 
metritis and peritonitis, esjK'- 
cially when they occur in the 
region of the promontory at 
the entrance to the true pel- 
vis, may produce yalve-li^^ 
occlusion of the ureter as a 


result of traction. 

In men, hypertrophy of the prostate (sec p. 871) 
urethral stricture are the chief causes of mechanic obstruction lo the dis- 
charge of the urine from the bladder. In chronic cases, dtlatiofi of the 


^ This does not, of course, exclude the occasional occurrence of active 
matory alterations in a hydronephrotic kidney. 
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ureters and hydronephrosis almost always follow. Urinary calculi 
arrested in the ureter not infrequently produce more or less ccMnplete 
occlusion. Occasionally a villous growth of the bladder wall or ureter 
may also cause retention. Furthermore, trauma, cicatricial strictures of 
the ureters and urethra, displacement of the kidney, paralysis of the 
detrusor vesicae, anomalous, Le., too high or acute-angled, 
origin of the ureter from the renal pelvis (see Fig. 427), pressure of 
tumors in the course of the ureters, may cause hydronephrosis. 

In all inflammatory alterations of the kidney, but especially in the 
parenchymatous forms, peculiar masses are found within the urinary 
tubules which, in contradistinction to the lime and pigment infarcts occur- 
ring also in these parts, arc called urinary cylinders or casts. Two 
chief forms are distinguished : hyaline and granular. The former have 



Fig. 428. — Longitu<linal and cross-section of renal tubule, illustrating mode of 
formation <>f casts. (Lcitz Obj., 6; Comp. Ocul., 4. X 4()0.) 

a clear, homogeneous, sometimes slightly, sometimes quite strongly, re- 
fractive appearance resembling fat. They consist of homogeneous albu- 
niin in a colloid state, are very soft and flexible, and, consequently, are 
easily forced onward by the vis a tergo of the urine. Granular casts arc 
(^jf the same fornf and size as hyaline casts and apparently are composed 
of very fine granules. Hyaline casts to the external surfaces of which 
intact or, more frequently, strongly granular, fatty metamorphosed, dis- 
integrated epithclia adhere represent transition forms. All these casts 
located principally in the straight urinary tubules, but they occur also 
in the convoluted tubules. Exceptionally, the same masses are observed 
^1^0 between the glomerular tufts and Bowman’s capsules. In des- 
quamative processes — so-called acute catarrhal nephritis — casts composed 
^^nly of desquamated epithelia are not infrequently found in the urine. 

ft is very improbable that hyaline casts correspond with an aqueous 
-^^buminous secretion from the blood or with a fibrinous exudate. They 
"'fand on the verge of the mucoid and fibrinous exudates and, as may be 
concluded from the analogy of other exudative processes, owe their origin 
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to activity of the gland cells. Hence, they may justly be considered in- 
flammatory products. 

Urinary casts or cylinders, called also tube casts and renal casts, are 

molds formed by entrance into the urinary tubules of a coagulable substance which 
solidifies, entangling whatever it contains in its liquid state; later contracts, and is 
forced from the tubules by and voided with the urine. The origin of this coagulable 
material is unsettled. The view that it is composed of coagulable elements derived 
from the blood and exuded by the glomeruli, perhaps also by the tubules, is most 
generally accepted : at least it is applicable to the nature and origin of the majority 
of casts observed in the urine. Casts are produced in various pathologic states in 



Fig. 429. — Narrow hyaline casts. X 350. (After Payer.) 


which the function of the kidneys is altered or disturbed by circulatory changes or 
toxic or inflammatory itifluences, and, according to some authorities, the pure hyaline 
forms may be observed in the urine of healthy subjects. According to Bartels, all 
states which produce albuminuria may give rise to the formation of casts; hence, 
whenever albuminuria exists, casts will, in the great majority of instances, be 
found in the urine. Casts may occur, however, without albuminuria, particularly 
in interstitial nephritis, and, vice versa, albuminuria may occur without pasts. 

The most frequent form of urinary cast is that known as the hyaline or true 
cast, composed of a very pale, homogeneous, colorless, transparent substance which 
is rapidly soluble in acetic acid. This hyaline substance also constitutes the basis of 
most of the varieties of casts designated as “finely” and “coarsely granular,” 
**epitheliated,” and “mixed” or “compound” casts described below. 

Hyaline casts are cylindric structures of variable length and width, and often 
so pale that the contour can be made out only with difficulty. Usually the contour 
is smooth and the thickness the same throughout; occasionally, however, the out- 
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line is ragged and serrated, which may be due to irregularities of the tubules in 
which the cast was formed, or more probably to the action of fluid currents within 
the tubules and to bacteria. While the length usually is about from four to five 
times the w’idth, it may sometimes exceed very slightly the width (as in diabetic 
coma), or may be many times the width, and rarely greater than the width of the 
microscope field. The short casts generally are straight ; the longer, while more or 
less straight, are often distorted and tortuous. As to the width, they may be very 
small (small hyaline), no more than twice the diameter of a leucocyte, or quite 
broad (large hyaline), equaling in diameter the width of a large epithelial cell 
from the bladder. Casts of small diameter are observed chiefly in circulatory 
(hyperemic) and toxic (ether narcosis, intestinal fermentation, etc.) disturbances of 
the kidneys, and in interstitial nephritis; those of large diameter are most com- 



Fig. 430. — Severe acute (at first decidedly hemorrhagic) nephritis which 
ended fatally in four weeks. X 350. A, hyaline cast ; g, granular cast ; w, 
waxy cast; e, epithelial east ; ef>, free renal epithelia. Also two finely granu- 
lar, uniformly fatty renal epithelia. 

monly observed in*chronic parenchymatous processes. Occasionally small casts are 
observ^ed inclosed within larger (double casts), the former evidently having been 
formed in a smaller portion of a renal tubule, later being dislodged into a larger 
portion where new deposit of coagulable material occurred. Usually the ends are 
rounded, though sometimes, particularly the broad forms, they are dichotomously 
branched at the cuds; frequently they appear to have been fractured, straight or 
diagonally, and not rarely forms are observed in which one or both ends are 
sharply oi^ bluntly pointed: an indication that they were dislodged from the point 
of formation before coagulation was completed. If such casts are short they may 
assume shapes varying widely from the ordinary cylindric form, appearing as 
irregular, coagulated masses. Not in fjrequently one end is oblique and ragged, the 
other drawn out into a long slender, occasionally tortuous and gradually tapering 
thread; the ends of such casts sometimes show spiral formation, due, it is said by 
some authorities, to fixation in the tubules and torsion by the current of urine. 
Occasionally this spiral structure is observed in the middle of the cast, and often 
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the spirals are so closely compressed ki accordion-like manner ^at they lie Alt 
tqion each other the full width of the cast. Hyaline casts frequently are covered 
with very fine, almost imperceptible granular matter, which at times makes it diA- 
cult to say whether a given cast is hyaline or finely granular. i If these granules 
are abundant, the cast is designated as granular, and according to the size and color 
of the predominant granules it is designated as “finely granular,” “coarsely gran- 
ular,” “dark granular,” “pigmented,” etc. Occasionally casts are seen which are 
hyaline at one end and composed of granular and cellular elements at the other. 
Various cellular elements often are found upon or inclosed in casts (leucocytes, 
erythrocytes, renal epithelia more or less altered in form and structure). If these 
cells are the chief or predominant constituents, the cast is called “leucocytic,” 
(pus), “blood,” or “epithelial,” according to the nature of the cells present, and, if 
various cells and granula are combined, the cast is called “mixed,” or “compound.” 



Fig. 431. — Chronic Bright's disease (chronic parenchymatous and inter- 
stitial nephritis). X 350. h, g, e, w, hyaline, granular, epithelial, and waxy 
casts; ep, renal epithelium; vep, quite uniformly fatty renal epithelium. 

I 

Epithelial and blood casts are not, strictly speaking, true casts, but aggregations 
of cells in a hyaline or fibrinous matrix. True epithelial casts are cylindric aggre- 
gations of renal tubular elements thrown off in their natural continuity, and are 
very infrequent. They occur most frequently in the urine of acute inflammatory 
processes: desquamative (catarrhal) nephritis. The cells may be macroscopicly 
unaltered or markedly changed (fatty, granular, or amyloid degenerated), according 
to the severity and stage of the affection. Casts with hyaline baser containing 
epithelia, red blood-cells, and leucocytes are most often observed. 

Blood-casts consist of coagulated fibrin inclosing red blood-corpuscles. They 
originate in hemorrhage into the renal tubules in which the blood coagulates. Pure 
forms are rare. While in most instances the individual cells are distinctly recog* 
tlizable, they often are so closely packed together that the cast appears opaque, dark 
itt contour, and coarsely granular; occasionally the cells are leached. These casts 


i Indeed, hyaline casts are rarely free from some form of deposit 
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atre aecompmiied hy the presence of numerous free red blood-cells m the 
urine, though in some cases (uric acid or calcium oxalate crystals, toxic action, 
etc.) pnly occasionally free cells may be observed. 

Hemoglobin casts may be observed in the urine in extensive burns of the 
skin. Casts composed of hematoidin and others of detritus occasionally are seen. 
Urates or urk acid crystals may unite in cast form in the newborn with uric acid 
infarcts of the kidney. Large casts composed chiefly of bacteria are observed m 
pyelonephritis. 

Waxy casts, owing to their great size in some instances, are often called 
'^giant casts.** They may exceed in length the width of the microscope field, and 
in width excel the normal diameter of the open tubules of the pyramids. They are 



Fig. 432. — Epithelial casts. X 350. (After Peyer,) 


characterized by th^ir opacity, high refractive index, and pale-yellow or grayish- 
yellow color. They may contain the same kind of cellular and granular constituents 
as hyaline casts; usually, however, they present only a punctate clouding. In con- 
tradistinction to hyaline casts, they often resist the action of acetic acid and not 
infrequently stain reddish brown wuth iodine and a dirty violet (amyloid reaction) 
after subsequent treatment with sulphuric acid. They usually are observed in 
chronic nephritis and in amyloid degeneration of the kidneys. 

Thcre^also occur in the urine under the same conditions as casts structures of 
considerable length and parallel contour and about the width of casts, which are 
soluble in acetic acid and, therefore, probably have the same chemic constitution 
as casts. These structures also may be covered with cpithelia, red blood-cells, 
leucocytes, granola, etc., and are called cyiindroids. They differ from true casts 
chiefly by the fact that they are rather bands and not cylinders. Their connection 
with genititie casts is shown by those examples which are united with and exception- 
ally are inclosed in casts. Thomas descries forms which presented at both ends 
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the characters of cylindroids and in the middle the features of a true cast* in 
which transition from one form to the other was, at both ends of the cast-like 
structure, a corkscrew-like spiral. Cylindroids are at times difficult to distinguish 
from true hyaline casts. A striking point of difference is that cylindroids taper 
gradually at one end into a long, wavy, corkscrew-like tail with longitudinal stria- 
tions, while true hyaline casts usually are more firm and refractive, rounded at one 
end or both, or cut off obliquely. At times it is impossible to distinguish between 
a cylindroid and a given hyaline cast. It seems very probable that these cylindroids 
come from the renal tubules. 

Torok and Poliak differentiate these evlindroids from such of extrarenal 
origin, which are called pseudocylindroids. These originate from the secretions 
of the prostate, Cowper’s and Littre’s glands, the mucous glands of the bladder, the 



Fig. 433. — Acute hemorrhagic nephritis. X 350. Small and large squa- 
mous epithelium, hyaline casts (at the margin), fj, finely granular cast; bl, 
red blood-corpuscle cast; c, tubular epithelium (arranged in cast form). 
Here and there are blood-corpuscle rings (“shadows’* [ghosts]). 

* 

uterus and vagina; morphologicly they resemble renal cylindroids, but are insoluble 
in acetic acid. 

The constant presence of casts is an indication of circulatory or secretory 
disturbance of the kidneys. Anatomic alteration may be lacking not only in slight 
and transitory, but also, though rarely, in abundant and chronic, albuminuria and 
cylindruria. Therefore, the diagnosis of parenchymatous nephritis cannot be made 
on the presence of these two factors without other manifestations of disease, espe- 
cially when the albuminuria is slight and the casts few in number and chiefly 
the hyaline type. According to Thomas, the cylindruria is then not nephritidog- 
enous, but nephroangiogenous. Every urine, however, which contains over a 
protracted period large numbers of hyaline and especially dark granular casts comes 
from an inflamed kidney. The nature of the inflammation is revealed by the 
accompanying cellular elements. The process is acute when abundant pale casts 
containing chiefly unaltered or only slightly swollen and degenerated renal epithelia 
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and occasional dark granular, but no waxy, casts are present. Preponderance of 
dark granular casts and many waxy casts indicate chronic nephritis. Fatty casts 
occur in subacute and chronic inflammatory processes which lead to fatty degenera- 
tion of the kidney parenchyma: large white kidney or contracted kidney with 
fatty degeneration. The number of casts usually is in proportion to the degree 
of albuminuria and the severity of the affection. However, numerous exceptions 
occur here. Not infrequently, the casts appear at the beginning of the nephritis 
before albuminuria is demonstrable, and in healing of an acute Bright’s they very 
commonly persist after the albuminuria has ceased. Shortly before death numerous, 
very thick and long casts often appear. The number of casts is not infrequently 
increased also during a uremic attack. A certain diagnostic interest is attached 
to the tasts occurring in diabetic coma. They not infrequently appear even shortly 



Fig. 434. — Large white kidney. X 350. h, hyaline cast; g, spiral cast; 
w, waxy cast ; f, fat-granule cast with n, fat needles. Still finer needles of 
this type upon the neighboring fat-granule spherule ; fat-granule cell ; /, 
leucocyte ; s, vaginal epithelium ; i, fat-droplets. 

« 

before the attack, and constantly and often in large numbers during the coma, in 
the form of short stumps of hyaline and dull, glistening granular forms. If the 
attack subsides, which occurs in very few instances, the casts may rapidly and 
completely disappear. It is worthy of mention that even when large numbers of 
casts occur the albumin tests may show only slight clouding of the urine. 

On fee other hand, other substances which are excreted by the renal 
tubules and are found within them post mortem originate directly from 
the blood. These are the so-called pigment infarcts which sometimes fill 
almost all the urinary tubules, r.gr., in attacks of malaria ending fatally 
within a few hours, or in severe poisoning with potassium chlorate 
(as methemoglobin). Microscopicly, the pigment (melanin, methemo- 
globin, etc.) has a certain resemblance to red blood-corpuscles, by the 
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disinlegraticm of which it oT%mates. It consists of small, polygonal or 
round, yellow granules which, when present in large amount, impart to 
the urine a brownish-red or blackish color. On long duration of the 
disease, these granules, consisting essentially of hemoglobin, coalesce by 
agglutination into dark, reddish-brown casts which are more readily re- 
tained in the renal tubules than hyaline casts; because they form a much 
firmer and more compact mass. In this condition the glandular cells do 
not actively participate. Hemoglobinuria or methemoglobinuria occurs 

on injection of animal and 
occasionally of humah blood 
into the circulation of man ; 
in certain poisonings (espe- 
cially by potassium chlo- 
rate; furthermore, arseniu- 
reted hydrogen, pyrogallic 
acid, carbolic acid, toad- 
stools, venom of reptiles, 
etc. ) ; in extensive burns, 
and in certain infectious 
diseases such as malaria, 
etc. 

In hemorrhagic proc- 
esses in the kidneys (as a 
result pf infectious dis- 
eases, r.flf., scarlatina; see 
p. 561.), the extra vasate is 
found within Bowman’s 
capsules and in the renal 
tubules. After a time 
granular, amorphous blood- 
pigment, which may accumulate to a marked degree in certain localities 
and form pigment infarcts, develops from the extravasates. More rarely 
crystalline pigment — a hematoidin infarct — develops from the extrav- 
asated blood. 

Most closely related to these pigment infarcts are the infarcts com- 
posed of bile coloring matter. The kidney is the organ through which 
all the bile coloring matter taken up by the blood is excreted. In mild 
icterus only slight, diffuse icteric staining is observed. In intense and 
chronic icterus, however, yellowish-red or greenish, granular bile-pig 
ment acciunulates in the renal tubules. If parenchymatous nephriti' 
exists* as is always the case in severe icterus, the glandular cpithclia arc 
intensely stained; in this conditiem they are apparently especially dis- 



Fig. 435. — Nephritis haemorrhagica 
gravis in a case of puerperal sepsis. The 
black lines correspond to convoluted and 
straight tubules filled with blood. X 8. 
(After Langerhans.) 
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posed absorb bile coloring matter. The hyaline casts also are sliglitly 
bUe-stained. 

The extremely rare occurrence of so-called silver infarcts wiU 
briefly be referred to here more for their scientific interest than for their 
pathologic significance. These occur after prolonged use of silver prep- 
arations^ always in conjunction with staining of the skin (argyria), 
and consist in the deposition of minute granules of metallic silver in the 
tunica propria of the renal tubules and especially within Bowman’s 
capsules. When the granules of 
inetalUc silver are compactly ar- 
ranged, the affected part has a light- 
brown hue. Sometimes the glom- 
eruli are macroscopicly very distinct 
as a result of this. 

Uric acid infarcts are of more 
importance and greater frequency. 

These occur in two very different 
forms: on the one hand, as acid 
ammonium urate in the newborn be- 
tween the 2d and 14th day of life, 
and, on the other hand, as acid 
sodium urate in gout in the later 
years of life. 

Acid ammonium urate^ is al- 
most always found in great abund- 
ance as numerous, reddish-yellow 
striae in the collecting tubules of the 
pyramids. There is no reaction in 
the surrounding tissue. Ammonium 
nrate consists of small, amorphous 
clumps and spherules; it is so fre- 
quently observed that it probably is more of a physiologic than a pathologic 
finding, which, however, is of forensic importance in so far as it occurs 
only after respiration has been established, and, therefore, may be made 
use of to decide the question whether a child has breathed or not,^ 

On the other hand, infarcts of acid sodium urate are of emi- 
nent pathologic significance as a concomitant of a general gouty affection. 
They are recognizable only by careful inspection of the cut surface of 

^ Sodfum hydrate dissolves acid ammonitim urate. On standing, uric acid is 
separated in crystalline form. 

^ Actd asrnnonkmi urate is sometimes found also in somewhat older children, 
at the 5th to «lh moath of hie. 



Fig. 436. — Uric acid infarct in a 
gouty subject. Acid sodium urate in 
small rhombic crystals, partly de- 
stroyed. (Zeiss Apochr,, 4; Comp. 
Ocul., 4. After Lanyerhans.) 
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the kidney as isolated, distinctly chalk-white striae in various portiins of 
the pyramids, particularly in the middle portions. Acid sodium urate 
consists of rhombic plates which frequently form very long spicules. 
These collect in the straight tubules and! cause distention of the lumen. 
Independently of these infarcts, there is present a general interstitial inr 
flammation, which, when the disease is extensive and of long standing, 
results in induration and contraction of the whole kidney : gouty kidney. 

Lime infarcts, the most frequent of all infarcts, likewise produce in 
the pyramids, especially in the papillary apices, fine white stride, and, 
therefore, often give rise to confusion with uric acid infarcts. The lime 



Fig. 437. — Hippuric acid, a-c; sodium urate, d, and urfc acid in whetstone, 
dumb-bell, and rod form, e-h, X 350. 

— phosphate as well as carl>onatc — occurs in two localities: 1, in the 
lumen of the urinary tract; 2, in the tissue itself. In file latter case the 
process is one of lime infiltration of the tunica propria of the renal 
tubules, especially of the collecting tubules within the papillae. The lime 
is here deposited in the form of very minute granules at those points 
deprived of epithelia, without coalescing, as in calcification of glomeruli, 
to form a homogeneous mass. The impregnation is usually not so com- 
plete as to render unrecognizable the otherwise glassy-clear membrane. 
Lime occurs everywhere within the urinary tract : within Bowman's cap- 
sules, between the capsules and glomerular tufts, as well as in the con- 
voluted and straight renal tubules. The lime is frequently found every- 
where at the same time. When the lime is located within numerous 
degenerated glomeruli, the surface of the kidney appears as though 
crinkled with chalk. If, however, the lime is in the renal tubules, it is 
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then usually impossible macroscopicly to distinguish true infarct from 
calcareous infiltration: in both instances delicate white striae are seen. 
Lime usually forms coarse granules and clumps within the lumen of the 
tubules, which coalesce to form sausage-shaped bodies, and generally 
have a coarsely nodular surface. 

In certain poisonings, especially with corrosive sublimate (see p. 
326), there is very abundant excretion of lime into the renal tubules 
without any macroscopic evidence of its presence. If death occurs very 
quickly, the lime appears microscopicly as a very thin coating upon the 
epithelfa like a layer of sugar. On a<ldition of dilute acetic acid these 
freshly deposited masses of lime quickly and completely dissolve and the 
epfthelia then ai)pear unaltered. If, however, several days elapse before 
<leath occurs, then sausage-shaped clumps of lime, which are also macro- 
scopicly unrecognizable and characterized by slight refractive index and 
ready solubility, are found in the lumen of the urinary tubules. 

Renal calculi, owing to their correspondence with vesical calculi, 
were discussed under alterations of the bladder. 1 lere it may be stated 
only that by renal calculi is understood stones occurring in the renal pelvis 
and calices: that these renal stones occur outside the kidney-tissue, i.e,, 
are really urinary calculi, (See p. 855.) 

In severe parenchymatous nephritis fatty metamorphosis is quite 
frequently found in tlie region of the capillaries, while in interstitial proc- 
es^s proliferation of the nuclei of the capillaries is observed. 

Proliferation and thickening of the walls of the larger vessels, espe- 
cially of the veins, occur regularly in long-continued congestion of the 
kidneys; this is always associated with permanent dilation. The vessels, 
tlierefore, are markedly wide and gaping. These disturbances develop 
after all diseases which produce congestion in the area of the vena cava, 
i c., after diseases of the heart and lungs, esi>ecially in mitral stenosis 
and insufficiency of the tricuspid and aortic valves, and in chronic pul- 
monary emphysema. Here a gradually increasing induration of the 
organ and strong venous, cyanotic hyperemia are observed in the kidney. 
This condition of the kidney is designated as red or cyanotic indura- 
tion. On incision the pyramids are dark red, while the cortex always has 
^ paler, g^ay-red color — a proof that the congestion must be stronger in 
the pyramids. The blood of the pyramids is conveyed to the vena cava 
solely through the vena renalis, while other channels are open to the blood 
of the cortic substance through the vessels of the renal surface — the 
stellulw verheyenii — which convey their blood to the lumbar veins. 
Accordingly, the sequelae of chronic venous congestion are more strongly 
marked in the region of the pyramids than in the cortic substance. The 
pyramids suffer quite early as a result of catarrh of the straight renal 
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tubtdes: the catarrhal nephritis already metittoned. Fmatty, 
atrophy — ^primary fatty irtetamorphosis without antecedent htflammation 
--ocairs also in the parenchyma of the cortex, as a result of the continued 
faulty nutrition. This fatty metamorphosis may be so extensive that the 
surface, thickly studded with minute yellow puncta, finally assumes a 
yellowish-red color. In this state the intercellular substance of the inter- 
stitial connective tissue is increased, though without marked cellular pro- 
liferation. The surface of the kidney may become somewhat uneven, 
and often the capsule is somewhat more difficult to strip off than is the 
case in a healthy kidney. 

Arterial hyperemia occurs principally as collateral fluxion of the 
P3rramids in cloudy swelling of the cortex, and in amyloid degeneration 
of the cortic substance. The existing anemia of the cortex is a pure 
ischemia. Amyloid degeneration of the kidneys (see p. 149) is gen- 
erally limited to the vessels, rarely extends to the tunica propria of 
the renal tubules, but never to the true parenchyma, i.c,, the gland cells. 
Amyloid degeneration is found only in kidneys in which other changes- — 
parenchymatous or interstitial processes — ^also are manifest. The con- 
stant occurrence of amyloid substance in the large yellow kidney 
has already been mentioned. (See p. 822.) The unusually intense fatty 
metamorphosis of the parendiyma and of the stroma occurring here is 
partly secondary to the amyloid degeneration itself, inasmuch as the 
latter causes marked ischemia and nutritive disturbances. Sometimes 
the cortex, sometimes the medullary substance, is more intensely or solely 
the seat of amyloid degeneration. Amyloid degeneration is always a 
concomitant of a general cachexia due to pulmonary and intestinal tuber- 
culosis, syphilis, chronic malaria, severe cardiac lesions, bone suppura- 
tions, chronic inflammation of the kidneys, etc. 

In amyloid degeneration and coexistent parenchymatous nephritis 
there is, as a rule, severe local disturbance of the circulation and usually 
also general circulatory disturbance due to cardiac weakness. Conse- 
quently, the already-mentioned thrombosis not infrequently develops 
in the region of the vena renalis. This may occur also in other cases; 
in addition to cardiac weakness, local circulatory disturbance also is 
always present The condition, therefore, is one of marantji<;; throm- 
bests. As a rule, this begins at the vascular arches between the medul- 
lary and cortic substance, advances toward the venous trunks, and, finally, 
may occlude the whole vena renalis. In soxm cases the thrombosis ex- 
tafids even through the vena cava into the right auricle. From ffiis more 
ifidq^endent, primary thrombosis of the vena renalis is to be distinguished 
oonsecutive, seiboiidary thrombosis, namely, thronnbosis of the ^ena renalis 
smisira in women, in whom the thrombosis originates in the tiena 
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matica (this opens on the left side into the vena renalis). In this event 
the danger for the kidneys is not so great, because the thrombi develop 
slowly and give time for the collateral veins, which convey the blood 
through the capsule into the lumbar veins, to assume the function. The 
thrombus may soften or become organized ; in the former case large frag- 
ments are usually dislodge l. These enter the lungs as emboli and pro- 
duce either pulmonary apoplexy or infarction. 

When the renal artery is occluded by an embolus, the circula- 
tion suddenly ceases and the kidney dies in a short time, the parenchyma 
being <Iestroye<l by so-called primary fatty metamorphosis. If only one 
branch of the artcria renalis is occluded, so-called hemorrhagic infarction 
is produced. (See p. 89.) In this condition the portion of the kidney 
rendered functionlcss is not, however, choked with bkxxl, as might readily 
be assumed from the designation “infarct, but anemic, blcxxlless. True 
infarction, intense engorgement of the vessels and escape of blood, 
occurs only at the junction of the dead part with the adjacent living 
structures. The center of the dead part, i,e., of the so-called infarct, 
always remains bloodless. This infarct varies greatly in size; sometimes 
several small infarcts develop in a single reniculus, apparently as a result 
of disintegration of one embolus. If the latter consists of infectious 
material, the nephritis apostematosa (suppurative nephritis) already de- 
scribed develops. In the other case the so-called fibrin-wedge orig- 
inates from the infarct, from which a cicatrix, which is sometimes slightly 
l>igmented, develops, by shrinkage. If this cicatrix is not pigmented, it 
is sometimes very difficult to distinguish from syphilitic cicatrices of the 
kidney. (See p. 556.) Sometimes the embolus, which in the mean time 
has become organized or calcified, can be found in the afferent artery. 

Displacements of the kidney have already been mentioned under 
Malformations. (See p. 206.) The semischematic illustration (see Fig, 
438) of a case w(iich came to necropsy gives an example of displace- 
ment which is of frequent occurrence. 

Aside from the fibromata already mentioned as occurring in inter- 
stitial nephritis, and the small, flat, yellow, disseminated, suprarenal 
germinal rests, first correctly inter] ircted by Grawitz, which generally are 
situated upon the surface of the kidney, seldom beneath the surface, 
primary tumors are of rare occurrence in the kidneys. Idpomata, myxo- 
mata, and myxolipomata usually produce no symi)toms and are rather 
accidental necropsy findings. Myomata (smooth: leiomyoma, and stri- 
ated muscle: rhabdomyoma) are found chiefly in small children. Myoma 
^(^vicellulare, as shown by Eberth, originates from the wide-meshed retic- 


^Infarcire: to stuff. 
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ulum of smooth musculature upon the surface of the kidney and forms 
small nodules scarcely as large as a pea, while, according to Cohnheim, 
myoma striocellulare renis is due to a vitium primcc formationis, i.e,, to 
isolation of individual germinal muscle-cells from the primitive vertebral 
plates (from which part of the musculature of the trunk develops). As 
a mixed tumor with sarcoma and as rhabdomyosarcoma, myoma strio- 
cellulare forms tumors of very considerable dimensions (up to eleven 
pounds in weight). Aside from rhabdomyoma and the retention tumors 
above mentioned, tumors recognizable during life are: hydronephrosis, 
pyonephrosis, and cystic kidneys, including adenocystoma (see Fig. 439) ; 
the not infrequent renal carcinoma, and the rare sarcomata. (See Fig. 
123.) Among the metastases, chiefly carcinomata and sarcomata involve 
the kidney substance. 



Fig. 438. — Displacement of the left kidney. The .kidney lies upon the 
os sacrum ; the sigmoid runs above and to the right of the displaced kidney. 
The left renal artery arises from the anterior surface of the aorta, 5 cm. 
below the right renal artery. Pelvis drawn semischematic, a, left renal 
artery ; b, vein on the anterior surface of the kidney, run^ in an arc to the 
right; r, hilus of the kidney outward and laterally; N, left kidney; S, sigmoid. 
Greatly reduced. (After Langerhans.) 

Primary tumors {strumce aberrates suprarcnalcs) — heterotope hyper 
nephroma — not infrequently develop from displaced suprarenal germinal 
rests, which are sometimes isolated, sometimes multiple, and usually the 
size of a millet or hemp seed. These are hazelnut- to walnut- size<l 
tumors, which, like strumce suprarenalcs, reproduce essentially the con' 
stituents and the structure of the yellow cortic substance of the supra- 
renal glands. Not infrequently, however, malignant tumors als<> 
originate from these misplaced strumce suprarenales. Then atypic pr^ 
liferation of the epithelia occurs, these becoming morphologicly somewh‘i‘ 
altered and assuming a more indifferent form. These tumors may attain 
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Fig. 439. — Papillary adcMiocystonia of the kidney. (The tumor was sit- 
uated in the cortex and was the size of a pea.) I. a, glandular tube with pap- 
illary excrescences; blood in the tubules; b, blood-vessels in the stroma. Low 
magnification. 11. Cell lining of the tubule, highly inagnilied. 



Fig. 440, — Papillary cystadenoma of the kidney, a, stroma ; b, c, gland tubes 
with papillary excrescences. X 30. (After Ziegler,) 
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considerable dimensions, become larger than the fist, and form metastascs. 
They are described in literature under various names. According to 
the observations thus far made and announced, they are best classed with 
the carcinomata. 

Besides the tumors already mentioned, there is a form of kidney 
tumor which requires separate consideration in so far as the process is 
not an atypic proliferation of epithelial cells of the developed kidney, 
butene in which there probably is development early in life of incomplete 
embryonic tissue, and, therefore, frequent in childhood. This form of 
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Fig. 441. — Hypernephroma of the kidney. X 500. (After Ziegler,) 


tumor is degenerated partly as carcinoma sarcomatodes, partly as adeno- 
carcinoma. It is characterized by a very richly cellular structure and the 
combination of glandular elements (with the character of glandular tub- 
ules) and very richly cellular, sarcomatoid connective tissue. (See Fig. 
123.) It is assumed that the formation of these tumors begins in intra- 
uterine life. Hence, they are sometimes called blastomata. 

Except the echinococcus, which is not infrequent and may form cysts 
of considerable dimensions, e n t o z o a are rare in the kidney. The occur- 
rence of Dioctophyme fenale (see p. 366) and Pentastoma is very rare. 
In the tropics, Filaria sanguinis and Schistosomum hcematobium arc fre- 
quent. (Seep. 375.) 
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URINARY TRACT. 

That portion of the uropoietic system known as the urinary tract in- 
cludes the renal calices, renal pelves, ureters, bladder, and urethra. 

The inflammatory processes of these parts are divided into super- 
ficial and deep ; the former are the most common prcKesses. Here belong 
all catarrhal affections. Among tliese, gonorrhea, ‘*clap'' (see 
Infectious Diseases, p. 495), which in the male has its typic seat in the 
urethra, to which it usually is confined, is by far the most frequent. Non- 
in fectious catarrhs are extremely rare in the urethra, and then are almost 
always an accompaniment of a catarrhal process located higher in the 
urinary tract, i.c,, in the bladder, the renal calices, or renal pelves, the 
result of foreign bodies (especially of calculi, later to be considered), 
passage of cold sounds, or certain drugs, such as cantharides, etc. 
According as the irritant is of internal or external origin, the catarrh 
extends either from above downward or from below upward. The 
catarrhal secretions are purulent, mucous (usually mixed with cells), or 
albuminous All these catarrhs begin with intense hyperemia, which may 
involve the whole mucous membrane or occur in macular form, e,g., 
roseola-like in the bladder, and then lead to extravasates : petechicC in the 
mucous membrane.^ By confluence of the small hyperemic spots large 
macular hyperemia develops, e,g., in typhoid fever. In variola and 
varioloid, variola-like forms occur, and, on use of pungent resins, cubebs, 
and copaiba, macular reddening, analogous to macular erythema, which 
occasionally appears upon the external skin, sometimes develops. Finally, 
contamination and traumatism through the agency of catheters are fre- 
quent causes of long-oontinucd catarrhs and inflammations. In all these 
states there is either a purulent or a mucocellular catarrh, seldom a fibrin- 
ous catarrh. If fibrin coagula form in the upper portions of the urinary 
tract, consideraWe interference with the discharge of urine through the 
urethra is always produced. The latter form is frequent in the tropics, 
but relatively rare with us, most often after takingfeantharides and in the 
neighborhood of diphtheritic foci. 

In the purulent processes those with intact surface and 
those associated with ulceration may be distinguished. By discharge 
of a prostatic abscess into the urethra deep ulcerations develop in the 
urethra; on rupture externally periprostatitis occurs, and when 
the process extends to the adipose tissue paraprostatitis and pur- 
ulent paracystitis occur. In a similar manner, ulcerative 
pyelitis may result from rupture of a renal abscess into the calices. 

^ Intense extravasates, with and without distinct interruption of continuity, 
are found in trauma, especially in fracture of the pelvis. 
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Sometimes the pus is not discharged; then the renal pelvis and calices 
are considerably distended by retention of the pus. After destruction 
of the walls the pus may rupture externally or, on long retention, undergo 
fatty disintegration and form a greasy, butter-like mass in which choles- 
terin and lime precipitates are found. On the other hand, if the pus is 
discharged, the mucous membrane becomes smooth and the process is 
arrested, or the inflammation becomes chronic and leads to progressive 
induration. 

The most frequent cause of ulcerative processes in the 
urinary bladder are diphtheritic processes. These not infre- 
quently occur in the mucous membrane of the urinary bladder (see 
Diphtheria, p. 525), and are either confined to small areas or involve the 
whole mucosa. In the latter case total necrosis of the whole mucous 
membrane of the bladder results. The diphtheriticly infiltrated areas, 
and in part also the diphtheritic ulcers, are frequently the seat of deposits 
of urates. In higher degrees of severity the diphtheritic areas may be 
rough and stony to the touch, as a result of this complication. Healing 
may take place by cicatrization ; this, however, is rare. As a rule, diph- 
theria in these localities is malig^nant and finally causes death. The 
diphtheritic process occurs also in the renal pelvis and calices and may 
involve the external surface of the papillae protruding into the calices. In 
most cases diphtheritic pyelitis develops after diphtheritic cystitis, and 
sometimes also primarily in stone formation in the renal pelvis, or in 
infectious diseases, e.g,, in cholera or sepsis. 

There is a certain connection of thrombosis of the bladder veins, 
which is not very rare, with diphtheritic affections of the urinary bladder. 
This thrombosis may result in the formation of phleboliths or become 
organized. Dilations of the veins at the neck of the bladder produce a 
condition similar to that observed in the hemorrhoidal veins, which often 
is accompanied by strangury or ischuria. Thrombosis easily occurs in 
these varices also. The thrombosis is sometimes followed by inflamma 
tion of the walls of the veins — ^phlebitis, thrombophlebitis — which rmy 
extend into the neighboring parts and occasionally also cause diphtheritic 
or phlegmonous affection of the bladder. 

In contrast to this superficial form of thrombosis stands ^he deeper 
form. When infectious material is present, this form causes thrombo- 
phlebitis and inflammatory swelling in the neighborhood, or even phle^:- 
monous processes. Thrombosis unaccompanied by infectious germs 
found principally in cachectic states as marantic thrombosis. The c 
deeply situated thrombi not infrequently furnish material for pulmonaiv 
etntoiism. 
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Under certain conditions diphtheritic processes develop also after 
coarse external violence or after introduction of unclean instruments 
catheters), especially in connection with injuries to the mucous 
membrane, wounds, and vesical calculi. 

Malakoplakia (v. Hansemann), cystite en plaques, is a rare affec- 
tion of the urinary bladder occurring in the form of round or ovoid, flat, 
somewhat fungoid, yellowish-white foci with reddish periphery, varying 
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Fig. 442. — Oxalate calculi. Schematic. 

in dimensions from the size of the head of a pin to that of a dime. The 
process usually is associated with cystitis. It is a variety of infectious 
granuloma the foci of which consist of large cells and peculiar spheric 
lime and ferruginous concrements, the origin of which has been variously 
interpreted. The etiology is unknown, though it probably is an especial 
variety of chronic circumscribed cystitis. Similar alterations occur excep- 
tionally also in the ureters and renal pelvis. 



Fig.'*443. — Vesic calculus (earthy stone). Natural size. 

(After Lanyerhans,) 

Vesic calculi are divided into three chief categories: — 

1. Earthy calculi (phosphatic stones: phosphate and carbonate of 
lime, magnesia). 

2. Oxalate calculi (oxalate of lime). 

3. Urate calculi (uric acid stones). 

Cystin calculi are rare. 

Although calcium oxalate is colorless, all oxalate calculi are colored: 
dark brownish yellow to blackish brown. They are characterized by their 
tough, muibcrry-like surface. (See Fig. 442, A,) The prominent g^au- 
ules sometimes form long protuberances (see Fig» 442, B), which, again, 
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may branch out (see Fig. 442, C), and occasionally are sharply pointed, 
irregularly spiculated. (See Fig. 442, D.) These stones, of course, are 
very irritating. 

Urate stones likewise are colored, similar to the brick-dust sediment, 
more reddish yellow, between red and light brown. The surface may be 
smooth ; it is sometimes somewhat nodular, resembling a mulberry. 

The earthy stones are usually gray-white, amorphous, granular pre- 
cipitates, which coalesce to form porous, pumice-stone-like masses. 



Fig. 444. — Calcium oxalate crystals in urine. X 350. 


Of these three groups the oxalate stones are the hardest ; next come 
uric acid stones, while the earthy stones are the least hard. 

The uric acid and the oxalate stones are referable to an alteration in 
the composition of the blood. Uric acid and salts of both uric and oxalic 
acid frequently occur in one stone. The earthy stones are often com- 
posed of many things, so that a large number of categories may*be differ- 
entiated. Especially the stones composed of triple phosphate originating 
from alkalinity of the urine must be separated. Under the influence of 
tmporary alkalinity of the urine, triple phosphate forms secondary de- 
posits upon other stones. The lamellated deposits occur as a result of the 
catarrhal irritation caused by the stones. When, therefore, lamellae of 
l^iosphate of lime or magnesia are found in old stones, it always may he 
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assumed that these correspond to temporary local irritations 
several small 6nes are found, and rarely several large ones. 
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Fig. 44.— Feathery crystals of triple phosphate. 


^ 350. (After Tyson,) 


in'K crvLl. k “ ' ^ r«ogniz.<l w,lh the naked eyt The very 
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Aipmonium iirate does not crystallize, forms the 
occars fts vciy small graauies (s« Fig. 447, which awdesca; 
small, spheric formations (see Fig. 447, B), and sometimes have mgall, 
spiculate (see Fig. 447, C), or large, spike-like (see Fig. 447, f>*)3^oc- 
eS^. These stones develcqi ljy concentric depositions. Soth^tmies 
fore^ bodies in the bladder, r.p., blood-coagula, pins, etc., arc flie cause 
of stone formation. 

Calcium oxalate (envelope crystals, octahedra) develops regularly in 
acid fermentation of the urine. 

Cystin calculi are very rare. According to £. Loumekit,^ oi^ly about 50 to 
60 have been reported since 1810, when the first stone found in an infant’s bladder 
was examined by Wollaston, who found it to be composed almost wholly of a 
substance called by him “cystic oxide,” for which Berzelius later substituted the 
»fiame “cyStin,” a substance rich in sulphur. The occurrence of cystin in the urine 
and its precipitation in the form of calculi in some portion of the urinary passages 
are indicative of disturbances in nutrition the nature of which is problematic. 


A 



Fig. 447, a. Fig. 447. — Schematic. Fig. 447, b. 

According to Loumean, cystin may be regarded as a transition product between the 
sulphur>containing albuminous or protein substances and^the sulphates which 
represent the terminal stage of complete oxidation. The sulphates of normal urine 
are sulphur oxides. If oxidation is such that the initial protein sulphur is not con 
verted into the terminal state of oxidized sulphur, the intermediate product-— cystin 
— excreted. Hence, cystinuria becomes manifest in an organism with retarded or 
dindnished oxidation, indicative, according to present conceptions, of insufficiency 
of the liver. 

I 

When stxmes are situated in the renal calices or pelvis, they usu- 
ally fill the lumen by gradual growth, adjusting themselves to the form 
of the renal calices and pelvis. Stones in the ureters are least frequent ; 
probably they ccmie from the renal calices and can traverse the ureter only 
to a certain point. . • , 

Ttunors pf the prostate (see Male Sexual Organs, .p, •>^^3) and 
tHTctibral slrictui^ are the most frequent cause of diiatiqfi,; bf the 
/„b|a<l'd,e._ri by retention, of. uiine. The restdt alwtys,Js,..'J^f^'’oJ?,c«li> >■ 
'fiy ip’e rtrctp.hy of the bladder. , The trabeculae of such a hSkMer pr - 
itttp the lumen as an irregular reticulum pf.Sat-roun l 

^ ^ 

' - * Th« illustratiou in Figs. 447, mod 447, b, arc Itighty 

’ ^La Province n^cale. 1910. No; IS... .. 
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trabecute (fidges^,,|ind appear grayish white through the mucous mem- 
braua (See Fig. 448.) Dibti<w without hypertrophy is observed in 
par^^fe of the detrusor vesicae. 

contrast to general dilation stands partial dilation, namely, diver- 
VMCce unnari<s. This occurs most frequently as an accoinpani- 
merit of general dilation and is always situated between the trabeculae 
of the wall ; it consists either in distention of all constituents of the wall 



Fig. 448. — Hy^ertrophia trabccularis vesicae from prostatic hypertropliy. 

% natural size. (After Langerhans.) 

or only in protrusion of the external (peritoneal) ami inner (mucous) 
layer. These diverticulae are frequently of hazelnut to walnut size> but 
under certain circumstances may be considerably larger; they favor cal- 
culous fopmtion. 

Tiibetcoloris of the bladder (see p. 474) is almost always 
"‘ccondary to tuberculosis of the kidney. 

'f'he itkj^eriments of Rauereiseni with intravepous injections of emulsions of 
ugnly bovine tubercle bacilli into 35 guinea-pigs apparently inoontestably 

^omirm Bauixmpa^ten’s descendance theory of urotuberculosis. The recc|it investi- 

iZeita^r, f,i^nak. Urol., 1910, Bd. 2, H. 3. ^ 
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gations of Wildholz and Sawamura, as Bauereisen shows* furnished no contrary 
evidence. It may, therefore, be stated that in an uninterrupted urine stream there 
is no intraureteral ascending renal tuberculosis. On the other hand, in marked 
tuberculosis of the bladder, ascending tuberculous infection of one or both ureters 
may occur by way of the lymphatics, which may finally reach the kidneys. 
When the flow of urine is unobstructed, even rupture of tuberculous tissue into 
the lumen of the ureter is not followed by intraureteral ascent of the tuberculous 
virus; tuberculous infection of the remaining portion of the ureter and of the 



Fig. 449. — Cavernous caseous renal tuberculosis with infection of the 
pelvis and ureter. (After Burkhardt and Polano.) 


renal pelvis through the stagnated urine stream does not occur until the lumen of 
the ureter is obliterated by infiltrations. Also with other micro-orgaifisms which, 
in contradistinction to the tubercle bacillus, possess independent motility and the 
ability to increase in the secretion, it appears to be the rule that ascending intra- 
ureteral infection of the renal pelvis docs not occur when the flow of urine is 
unimpeded. In a later communication^ Bauereisen reports a second scries of 
experiments upon 21 guinea-pigs, the bladders of which he infected with definite 
amounts of tubercle bacilli of the human type by means of a blunt catheter. 


^Ibidem, 1911, Bd. 2, H. S. 
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animal killed after three hundred and fourteen days showed only a few caseous 
foci in ths region of the external urethral opening and a few tuberculous glands 
in the abdominal. cavity. One animal lived still longer with unquestionable tuber- 
culosis of the bladder ; in 3 animals the process had involved the intramural portion 
of ^he ureter. In contrast to several male animals, in none of the 9 female animals 
could extension of the tuberculosis of the urinary organs to the genital organs be 
demonstrated. In 11 of 15 cases vesic tuberculosis had existed for a long time, 
and in none of these were bacilli demonstrable in the renal pelvis, to say nothing 
of tuberculous tissue alterations. Why tuberculosis of the walls of the ureter and 
of the vagina advances so slowly, both toward the mucosa (the adventitia and the 
external muscularis are first infected) and toward the kidney (cases of over three 



Fig. 450. — Papillary epithelioma of the urinary bladder. Section through 
a villus. X 35. (After Ziegler,) 

hundred days), is explained by Baucreisen by the fact that progress occurs 
Against the lymph-stream. The experiments in both series show that the intact 
vesic epithelium cannot be infected with tubercle bacilli; infection does not occur 
until large epithelial defects have originated. 

The practic significance of Bauercisen’s experiments is that the ureters may 
he catheterized without fear, provided asepsis is observed and no lesions of th^ 
ureteral muqosa are produced; in the latter case infection of the ureteral wall may 
occur, which might extend by the lymphatics to the kidney (see below). 

W. Krause and later Bauercisen^ have shown that the mucosa and submucosa 
the human ureter contain a very well developed reticulum of lymphatic 
^ ^ s s e 1 s , between which and the epithelium and muscularis propria lies a blqod 
capillary reticulum. The efferent lymph-vessels run in diagonal direction through 
^l^e muscularis to the adventitia and may from there be traced to the lymph-glands. 

^Ibidem, 1911, Bd. 2, H. S. 
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The direction of the lymph-current is, therefore, from the mucosa, toward the 
adventitia. The lymph-vessels of the lower third of the ureter communicate with 
those of the bladder, and those of the upper third with those of 'the kidney. The 
kidney and bladder, therefore, stand in much closer relation to each other than 
has heretofore been assumed. Bauereisen believes he is justified in stating that 
the kidney is reached by pathogenic germs more easily from the bladder through 
the lymphatic channels than intraureterally. The anatomic features of vesico- 
ureteral tuberculosis arc thus explained. Starting from the numerous lymph- 
vessels of the muscularis of the bladder, progress in the ureter occurs in a direction 
from without inward, but so slowly against the lymph-current that the kidney 
is reached sooner than the mucosa of the ureter. The migration of the tubercle 
bacilli is much easier by the route ordinarily taken : from the kidney downward to 



Fig. 451. — Papillary fibroma of the bladder. % natural size. 

(After Langerhans.) 

the bladder. Here it migrates by the lymph-current. The fact that the lymphatic 
capillary reticulum lies directly beneath the basal layer of epithelium of the mucosa 
renders necessary the greatest aseptic precautions in ureteral catheterization, ami 
even in cystoscopy. Perhaps many postoperative inflammations of the bladder 
and renal pelvis arc referable to lymphogenous infection from parametric wounds, 
e.g,, in cases in which catheterization had never been performed. 

In 11 of 17 experiments upon rabbits, Engelhorn^ observed spontaneous ascent, 
by way of the mucosa, of carmine deposited in the vagina (in the form of a ball 
of cocoa-butter mixed with carmine). If the animals were killed some time later 
the carmine could not be found in the lumen of the uterus, but in the rausculatur*- 
and subperitoneal tissue-spaces. Migration, therefore, occurred against the normal 
direction of flow of secretion. According to Engelhorn, such migration may occu^ 
also with the nonmotile tubercle bacilli, particularly as these, as he has shown, art 
not killed by the acid secretion of the vagina. 


1 Arch. f. Gynak., 1911, Bd. 92, H. 3. 
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The predominating tumors of the bladder are the metastatic, espe- 
cially in the female. Carcincmiata of the cervix uteri very frequently 
extend to the bladder wall by continuity and finally may lead to vesico- 
vaginal fistula. Much rarer the ureters are involved in a similar manner. 
Tumors may extend also from the rectum, the ovaries, the retroperi- 
toneal glands, and the corpus uteri to the urinary tract. (See also 
Prostate, p. 873.) 

Primary tumors, chiefly carcinomata, are found principally in 
the bladder, rarely in the upper urinary tract. 'I'liese occur either as a 
flat, sirhple swelling of circumscribed area or as a diffuse carcinomatous 
formation involving the whole urinary bladder, with considerable thick- 
ening of the whole wall, or in the form of villous tumor. In the latter 



Fig. 452. — Epithelial cells from a portion of a papilloma of the bladder 
voided with urine, a, cells from the inner; b, from the middle; f, from the 
deepest layers. X 250. (After Ziegler.) 

case the formation of the villi is the product of local irritation over the 
carcinomatous dvfgenerated bladder wall. In addition to these carcint>- 
matous villous tumors, simple villous growths without carcinomatous 
development in the wall also occur in the blatlder: ffbroma papillare 
I'csicw urinaria:. The illustration (Fig. 451) is an example of a villous 
tumor of the bladder without carcinomatous development. In no case 
has the villous formation itself a carcinomatous structure, but always that 
<'f a fibrofna papillare. The villi are very richly vascular, and, therefore, 
are often the source of hemorrhage. They may produce very marked dis- 
turbance by mechanic obstruction to urination, and cause decomposition 
' d the urine with its consequences. When a purulent cystitis 
complicates these neoplasms, numerous long and dendritic villi are often 
''>und in the purulent urine. If the process is very violent, sloughing of 
the greater part of the villi and even exfoliation of the whole tumor may 
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occur. Similar villous formations originate from the renal pelvis, the 
calices, and the ureters; they are, however, quite rare. Sometimes the 
urinary passages upon one side are involved throughout down to the blad- 
der by these fibromatous formations. 

The Schistosomum hcematobium is found in the bladder, rarer in the 
ureters and in the renal pelvis, in conjunction with tumor-likc swelling 
or villous hyperplasia of the mucous membrane. This may give rise to 
repeated and exhausting hemorrhages. Ova and embryos can very easily 
be found in the^ blood-coagula voided with the urine. This affection is 
observed chiefly in the tropics. Sometimes the parasites become calcified 
in the bladder wall. (See p. 375.) 



MALE AND FEMALE SEXUAL ORGAJ^S. 


COMMON ORIGIN AND DIFFERENTIATION. 

Differentiation of the male and female sexual organs, which have 
a common origin, begins at the end of the second month of fetal life. 
About this time the genital glands (the later testes or ovaries) lie along- 
side the lumbar vertebrae, at the anterior and median side of the primitive 
kidneys (of the later paradidymis or parovarium^ ) . From the efferent 
duct, at the lower end of the primitive kidneys, the so-called inguinal 
ligament runs straight downward to the inguinal region. In the male, this 
becomes, as soon as the testes blend with the efferent duct of the primitive 
kidney (Wolffian duct, the later vas deferens), the gubcrnaculum hunteri 
(testis) ; in the female, the round ligament of the uterusw At the point 
where the gubcrnaculum hunteri reaches the inguinal region it blends 
with the processus vaginalis peritonei — an at first solid protrusion of the 
l)eritoneum, which originates independently at the beginning of the third 
fetal month and before descent of the testicles, extends dowmwarcl as a 
hollow duct (inguiyal canal) through the abdominal wall into the scrotum. 

The testes, inclosed by peritoneum, begin to descend in the third 
numth, reach the inguinal canal in the seventh month, and appear in the 
scrotum at the lime of birth. At the same time the ovaries also begin to 
descend toward the true pelvis, their peritoneal covering gradually becom- 
ing the ligamentum uteri latum. 

Synchronously with the sexual glands, the ducts of Miiller, which 
^Md>roach in the middle line, coalesce and open in the urinary canal be- 
tween the ostia of the Wolffian ducts, develop on the aitterior surface of 
the primitive kidneys. The urinary canal divides into an upper portion, 
the urethra, and a lower portion, the sinus urogcnitalis (the later ves- 
tibulum in the female or urethra in the male). In the male, Muller’s 
hncts disappear all but a very .small remnant — the vesicula prostatica — 
while in the female they become the Fallopian tubes, uterus, and vagina. 

* he coalescence of the ducts to form the uterus is still incomplete at the 
third month; hence, the uterus is always bicornate at about this time. 

^ The so-called sexual portion of the primitive kidneys subsequently forms^ an 
constituent of the male genital apparatus— -the head of die epididymis — ' 
\\hiie the remaining portion of the epididymis and the seminal ducts develop from 
ti^t* Wolffian duct 
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Testicles. 

In the newborn the processus vaginalis peritonei is patent, but closes 
soon* after birth. Then the testes lie in the scrotal sac, inclosed in the 
tunica vaginalis propria (whose visceral layer, or albuginea, corresponds 
to the primitive peritoneal covering of the testis, and the parietal layer 
to the processus vaginalis peritonei) and the tunica vaginalis communis, 
which is derived from the superficial abdominal fascia. 

The tunica vaginalis propria behaves in pathologic conditions quite 
similar to the peritoneum from which it is derived; therefore, two great 
groups of changes are distinguished, namely, the exudative and those 
which take place in the substance itself. The latter occur most fre- 
quently in connection with exudative processes, rarer without these. 

The simplest and most common form of the exudative processes is 
hydrocele,^ dropsy (hernia aquosa) of the scrotum. In this con- 
dition a clear, very richly albuminous fluid : hydrops lympliaticus, 
which coagulates only on contact with the air, collects between the vis- 
ceral (albuginea) and the parietal layer of the tunica ^^aginalis propria. 
The cause of this exudation is an irritative state of the tunica propria, 
which occasionally, especially on long duration of the hydrocele, results 
in inflammation : periorchitis. An acute periorchitis occurs in 
injuries and occasionally in gonorrhea. Pure watery collections without 
irritative and inflammatory phenomena occur only^in congenital 
hydrocele, ascitic fluid entering the tunica vaginalis propria from the 
abdominal cavity through the nonobliterated processus vaginalis peritonei. 
This form of hydrocele, therefore, is always due to arrest of development, 
i.e., to patency of the inguinal canal. 

The more fluid accumulates in the tunica vaginalis propria, the more 
the parietal layer is distended and the testis compressed. Consequently, 
the testis becomes more and more atrophied, so that sometimes only 
shriveled remnants, which are difficult to recognize, are found upon the 
inner surface of the large hydrocele sac. Fat-globules and fat-granule 
cells, from which cholesterin plates very soon separate, are 
usually present as a result of fatty metamorphosis of epithelia knd other 
cells which have entered the hydrocele fluid. Sometimes these choles- 
terin crystals are so numerous that they can be recognized with the naked 
eye. (See Fig. 407.) 

The larger a hydrocele becomes, the more it is exposed to trauma; 
as on long duration the tuniccfi vaginalis propria always becomes highly 


'^Hudor: water; kele: rupture, hernia. 
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vascularized, hemorrhages readily occur. Whetl these are slight, 
brOwn pigment develops, which at first stains only the inner surface of 
the serous membrane. If, however, stronger hemorrhages occur, the 
blood mixes with the fluid and imparts to it a yellowish, brownish, or 
even a chocolate color. In this manner a hematocele develops from a 
hydrocele. 

As soon as a hydrocele assumes a more inflammatory character, 
hyperplastic proliferations always occur in the skin and membranous 
sheaths, mOvSt frequently in the albuginea. From this result either more 
uniforfli, diffuse, sclerotic thickenings or semicartilaginous nodules, 
nodes, and plaques, which, after absorption of lime-salts, occasionally 
produce the so-called bones of the tunica vaginalis, or warts with 
irregular, lobulated surface, or pedunculated, sometimes dendritic polypi. 
The latter, by induration of the villi and subsequent atrophy of the 
pedicle, lead to the formation of the free bodies, from pinhead to cherry- 
seed size, of the tunica vaginalis. corpo}a libera sacci vaginalis testis. As 
a rule, the center of the large corpora libera is calcified, while the external 
layers consist of semicartilaginous masses. 

The inflammatory phenomena arc sometimes accompanied by partial 
or total adhesions of both layers of the tunica propria, so that the ordi- 
nary spheric form may be decidedly influenced and altered. Adhesions, 
however, can occur only when the surface possesses vessels. The semi- 
cartilaginous, very poorly vascular parts are incapable of forming adhe- 
sions; therefore, \^ien iodine or carbolic acid is injected in such cases 
with the view of obtaining obliteration by inflammation, as formerly was 
much in vogue, softening and suppuration, and even gangrene, instead of 
adhesive inflammation, sometimes develop. 

15y cystic hydrocele is understood a cyst in the course of the sper- 
matic cord {hydrocele funiculi). This develops from the processus vagi- 
nalis as a lesult of incomplete obliteration, some portion remaining open, 
the upper and lower j)ortions, however, being adherent. This cyst 
strongly simulated in its external appearance by hydrocele herniosa, 
which originates from an old inguinal, sometimes from a crural, hernial 
sac, partial adhesion occurring, most frequently at the hernial opening. 
These sac^s, when they fill in a manner similar to the saccus vaginalis 
testis, lie alongside of the old processus 7>aginalis in the neighborhood of 
the external inguinal or crural ring, and, in contradistinction to ordinary 
hydrocele, are inclosed in a layer of fat. 

In its position and form, spermatocele presents much similarity to 
t^ydrorcle cystica. It is located almost exclusively at the upper pole 
the testis — at the point of transition to the epididymis — ^as an especial 
external to the albuginea, and develops, from cystic dilated canals— 
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remains of the Wolffian ducts — ^which, on their part, form no spermat* 
02 oa, but communicate with the seminal ducts, so that semen can entjsr 
from there. The contents of spermatocele are opaque, milk-white, and 
contain well-preserved or partly disintegrated spermatozoa. Spermat- 
oceles may attain approximately the size of the testicle. 

F'inally, of the hernias or celes occurring in this region, varicocele 
is to be mentioned. This consists in dilation and varicosity of the 
numerous veins of the spermatic cord; generally, this varix does not 
involve the testes. 

The acute inflammations of the testes and epididy- 
mis are ])artly traumatic in origin, partly the result of extension, partly 
metastatic processes. The acute infectious diseases (see pp. 496, 575) : 
gonorrhea, syphilis, mumps, variola, typhoid, etc., are the principal causes 
of acute inflammation of the testes or epididymis. Gonorrheal inflamma- 
tions of the urethra, purulent and diphtheritic inflammation of the uri- 
nary bladder, tuberculosis, etc., may advance by continuity to the z’as 
deferens and beyond to the epididymis and testes. That affections of the 
mucous membrane (especially gonorrhea) frequently extend only to the 
epididymis, leaving the testes intact, is apparently due to the fact that the 
testes are glandular organs, and the epididymis in its structure is closely 
related to the mucous membrane, and, therefore, is more disposed to 
affections of the mucous membranes. The testes are affected more 
frequently by metastasis (lepra, typhoid, variola, mumps, etc.), infectious 
germs entering with the blood (perhaps also with ,^thc lymph). The 
majority of acute inflammations also lead to acute exudative 
periorchitis. 

Intense swelling, which in most cases disappears after a time, 
seldom resulting in abscess formation, is characteristic of acute 
inflammation of the testis. Sometimes, especially in malignant 
endocarditis, a number of abscesses develop!^ These always 
originate in the interstitial tissue, and, if they are not opened, occasionally 
rupture spontaneously. Abscesses opened artificially or spontaneously 
often manifest no tendency to heal ; then there is a luxuriant development 
of granulation tissue, which grows out through the opening in fungous 
form and produces the so-called fungus benignus (in contradistinction 
to malignant tumors). (For tuberculosis of testis see p. 475.) 

Besides these abscesses, connective-tissue thickenings with induration 
develop in purulent orchitis; this is especially the case when the pus 
retained. In the neighborhood of the abscess indurations occur 
which may finally develop into a kind of capsule. The pus then under- 
goes caseous transformation by inspivssatiem, so that confusion with gitni- 
matous and tuberculous processes may readily arise. 
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Chronic interstitial inflammations which involve the whole testicle, 
or, starting from the reie testis, lead to gradual obliteration of the paren- 
chyma, always arouse the suspicion of syphilis. Gonorrheal epididymitis 
sometimes — in the opinion of some investigators, very often — causes 
fibrous nodules in the epididymis. 

Compensatory hypertrophy of one testicle has been observed in 
defective development of the other. Atrophy invariably occurs in 
cryptorchidism (see p. 200) ; the testicle is atrophied also when it 
does not enter the scrotal sac until puberty. Under Hydrocele it was 
stated that the testicle may be almost completely obliterated by pressure. 
Otherwise, atrophic processes arc observed principally in chronic inflam- 
matory processes involving the testicle itself, and also in advanced age. 

Vas Deferens and Seminal Vesicles. 

The changes of the seminal vesicles and seminal ducts occur pri- 
marily only in connection with trauma. They are usually secondary, i.r., 
the result of extension of processes closely connected with those already 
described, to which the reader is referred. Aside from tuberculosis, ^ 
exudative catarrhal and purulent inflammations : spermatocystitis (sem- 
inal vesiculitis), catarrhal and purulent, resulting from extension are 
more frequently observed. On long duration of a purulent catarrh 
(gonorrhea) a gradual fibrous thickening of the wall occurs: fibrous 
spermatocystitis, which results in. a more or less decided nar- 
rowing of the Immen and constriction of small portions 
of the seminal vesicles: sf*crmat('cystitis obliterans. As a sequela 
of this, dilation and cystic formation: dilataiio et cystis 
funiculi spermatid, may occur as a result of retention of secretion. The 
same change occurs also after abscesses of the prostate, prostatic hyper- 
trophy, strictures,^ etc. Stones : calculi spermatid, which may attain 
the size of a cherry seed, are sometimes found in the seminal vesicles. 

Atrophy of the seminal vesicles occurs in advanced age and also 
after defect of the testis, or when the excretory duct is completely 
occluded. 

IVimary tumors, both carcinoma and sarcoma, are extremely rare. 
Secondary jnvolvenient by tumors of adjacent structures (prostate, rec- 
biin, bladder) are more frequent. 


Prostate. 

The prostate^ is a compound tubuloalveolar gland situated between the 
pt tbis and the rectum and surrounding the beginning of the urethra 

2 See pp. 474 and 47S, 

frp6 « before ; — to stand. • 



870 


MALE SEXUAL ORGANS. 


(sinus urogenitalis) , the greater portion lying behind this canal. In form it 
resembles a horse-chestnut, the base directed toward the bladder, the apex resting 
upon the resistant urogenital diaphragm. Its longest diameter, (transverse) is 
about V /2 inches, the anteroposterior 1 inch, and tlie thickness inch. It weighs 
about 25 Gm. On the posterior surface it is divided by two shallow furrows 
into three lobes: two lateral lobes and one middle lobe (lobus medius, pars inter- 
media, Home’s lobe, accessory prostate, lobus paihologicus^), which is inconstant. 
The organ is inclosed by a dense fibrous capsule — a continuation of the contiguous 
fascia — ^beneath which arc layers of smooth muscle, intermingled with fibrous tissue 
and elastic fibers, from which trabeculje pass inward, converging toward the base 
of the colliculus seuiinalis. These trabeculae divide the organ into a number of 
lobuli, lined with short columnar epitlielia with eccentric nuclei which occasionally 
are arranged in several layers. In elderly persons the epithelial cells frequently are 
pigmented. The proportion of glands^ to musculature is so variable that normally 
muscular and glandular prostates are differentiated. The muscle is 
poorest and the acini best developed in the central lf)be. The glandular ducts 
unite to form two large and a number of smaller (15 or more) excretory ducts 
lined near their orifices with transitional cpithelia, and open laterally to the 
colliculus seminalis in the posterior wall of the urethra. 

Within many of the alveoli are found concentricly laminated concrements, 
designated as prostatic bodies or concretions, which sometimes stain blue with 
iodine (corpora amylacca). These bodies are most numerous in old men, but they 
occur also in young men and boys. (See p. 370.) 

The prostate contains also the sinus prostaticus (vesicula prosiatica, sinus 
pocularis, uterus masculinus) , a remnant of Muller’s duct in the form of a bhiul 
sac, which extends backward for 1 to 1.5 cm. into the prostate and opens at the 
colliculus seminalis between the ejaculatory ducts. It is lined with a double layer 
of stratified epithelium, and at the urethral end contains short alveolar glands. It 
may occasionally be cysticly dilated. v 

Cowper’s glands are about the size of a pea and lie behind the bulbus urcthret, 
on the posterior wall of the membranous portion of * the urethra. They are 
enveloped in the fibers of the deep transverse perineal muscle. Their excretorj^ 
ducts run forward in the wall of the urethra, into which it opens. 

The glands of the prostate elaborate a clear, glassy secretion (succus pros- 
taticus), which is acid in reaction. ^ 

The inflammatory processes of the prostate (prostatitis) 
are either the re.sult of extension from adjacent structures (from 
the urethra, seminal vesicles, bladder, or rectum), or metastatic in 
septic affections, thrombophlebitis of the paraprostatic veins), or trau- 
matic. The process may be acute or chronic. Acute prostatitis 
subside, become chronic, or result in suppuration. Gonorrhea is the 
most frequent cause of prostatitis; stricture also plays an important role 
in the etiology. Purulent of suppurative prostatitis lead- to 
the formation of abscesses, which may develop insidiously or 

* So-called because it becomes manifest as a lobe only as the result of 

enlargement. 

According to Walker, the glands constitute five-sixths of the organ. 
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acutely. These may be arrested and become encapsulated by indurated 
thickenings, or rupture into the urethra, or result in suppurative 
paraprostatitis and perforate the rectum, the perineum, or rarely 
extend to the peritoneum and produce peritonitis. Dislodgment of thrombi 
Oi the venous plexus of the prostate may cause general infection. Acute 
prostatitis sometimes assumes a putrid character. The swelling in 
prostatitis is often so marked as to cause compression of the urethra, 
resulting in dysuria or anuria, and not rarely interferes with defecation. 

Chronic prostatitis is accompanied by prostatorrhea, in which the 
secretion may be discharged in drops or abundantly during defecation. 



Fig. 453. — Spcnnatorrhoa and prostatorrhea. X 350. spermatozoa ; k, 
Bottchcr’s cry.stals; p, prostatic corpuscles (latter after Bizzozero). (From 
Lenhartc-Brooks.) 

It may thus give rise to confusion with chronic gonorrhea or spermat- 
orrhea. A chronic prostatorrhea, which from time t;o time, esi^ecially 
after frequent coitus, may lead to a thick fluid, purulent discharge, not 
infrequently remains after subsidence of gonorrhea. This condition 
rarely exists with spermatorrhea. The discharge contains cylindric 
cpithelia, i,leucocytes, fat-droplets, and frequently lamellated ‘^amyloid 
elements, and very numerous Bdttcher crystal octahedra (see Fig. 453), 
^vhich, according to Furbringer, occur only in prostatic fluid and impart 
the semen its characteristic odor, 

hypertrophy of the prostate is understood every enlarge- 
Bient of the organ due to increase of the normal constituents. It is a 
very frequent affection, sometimes occurring as early as the fortieth year, 
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occasionally earlier. The gland may be enlarged in toto, attaining the 
dimensions of the fist, or only certain parts are involved, especially the 
middle lobe (Homers lobe; lobus pathologicus. According to Jores, 
‘‘hypertrophy of the middle lobe** does not originate in the middle lobe, 
but from proliferation of accessory glands situated beneath the mucosa 
of the bladder and prostatic portion of the urethra. Kaufmann). In 
pronounced cases either the connective tissue or muscular proliferation 
predominates (fibrous or fibromuscular hypertrophy, respectively). In 
the fibromuscular form either the muscular or fibrous tissue or the epi- 



Fig. 454. — Section from a hypertrophied prostate with concretions, a, stroma; 
b, glands; c, dilated glands; d, concretions. X 45. (After Ziegler.) 

thelial elements (so-called adenomatous or glandular hypertrophy) are 
chiefly involved. Prostatic hypertrophy may in a measure be caused by 
dilation of the glands, referable to inflammatory interstitial connective- 
tissue proliferation. Mixed forms: fibromuscular-glandular, in which all 
parts are involved in the hypertrophy, also occur. Pure myomatous or 
fibromatous hypertrophy is rare, as are also fibromata, adenomata, and 
cystadenomata. Kaufmann reports a case of rhabdomyoma ofi the pros- 
tate. (See Fig. 454.) 

Sequelae of prostatic hypertrophy are stricture and distortion of the 
prostatic urethra, hypertrophy of the bladder, cystitis, hydronephrosis, 
constipation, and not rarely pyelonephritis (so-called ‘‘surgical kidney^O* 
If the middle lobe is enlarged, it may lie as a lid upon the urogenital sinus. 
The glandular form must be differeirtiated from the fibrotnus- 
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cular form of hyperplasia.^ In the first instance the glandular 
ducts proliferate by the formation of new buds, which, on further growth, 
become branched. This is always associated with increase of the fibro- 
muscular tissue. French authorities believe that when the glandular 
structures are chiefly involved the process is the beginning of neoplasm 
formation ( adenocarcinoma ) . 

Intense distention of the glandular ducts and flattening of the epithe- 
lium are regularly observed in advanced age. The corpora amylacea are 
partly responsible for this. These bodies are not present in the newborn, 
but they make their appearance in youth and increase in number and size 
with age, so that in old men they can readily be seen, even with the naked 
eye, as small, brown puncta. They frequently impart a light-brownish- 
yellow color to the whole cut surface. The corpora amylacea are con- 
centricly lamellated bodies which owe their name to the reaction (blue 
coloration) they give with iodine. By progressive growth they cause 
gradual dilation of the glandular ducts and atrophy of the epithelium. 
Aside from this atrophy, however, general or sometimes more circum- 
scribed diminution of the organ is also frequently observed in advanced 
age, in castrated subjects, and in youthful individuals greatly emaciated 
from long sickness (marasmus). 

Besides corpora amylacea, prostatic calculi, wdiich, in part at 
least, may develop in conjunction with corpora amylacea, occur in the 
glands and excretory ducts of the prostate. These also may cause atro- 
phy of the epithelium and stroma by pressure. Renal calculi may descend 
from the kidney a“ftd lodge in depressions in the prostate, where they not 
infrequently attain large dimensions. 

Varicose dilations an<l marantic thrombosis are not very rarely 
observed. Phlcboliths and thrombophlebitis are less frequent. 

Of the tumors of the prostate, carcinomata are often marked 
by great hardneJis. They manifest only a slight tendency to disintegrate. 
Prostatic carcinoma may be so small as to be overlooked; the presence 
of cachexia and metastases in the os.seous system ma^ then be the first 
manifestations.^ The bladder is attacked by continuity, usually diffusely 
in the form of small nodules situated beneath the bladder mucosa; the 
seminal vesicles are often involved, rarely the rectum and urethra. 
Kegional*and distant involvement of the lymphatic glands also occurs. 
Of the sarcoaiata, round and spindle-celled, angio-, myxo-, lympho- 
sarcomata occur in the prostate. Sarcomata may develop even in very 
young children, attain enormous dimensions, and involve adjacent parts 

^ See Myoma, p. 257. 

* Among 14 cases of carcinoma of the prostate observed by’ Kaufmann^^ 
metastases occurred in the osseous system in 10, 8 presenting an ossifying characteti 
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by pressure and infiltration, but they rarely form local or distant metas- 
tases. Birch-Hirschfeld reports a case of adenosarcoma of the prostate. 
Secondary tumors of the prostate (from the rectum and bladder, very 
rarely from the seminal vesicles) are rare. Metastatic' deposits from 
distantly situated malignant neoplasms rarely, if ever, occur. 

Penis. 

Of the changes occurring in the penis, those involving the mucous 
membrane of the urethra, the external skin, and the corpora cavernosa 
are of chief importance. 

By far the most frequent affection is acute specific purulent inflam- 
mation of the urethra: gonorrhea. (Sec p. 405.) This is some- 
times accompanied by a purulent catarrh of the whole prepuce, especially 
when, as in congenital or acquired phimosis, owing to too small an open- 
ing, the prepuce cannot be retracted, but constantly covers the glans. In 
the course of this purulent catarrhal balanoposthitis, 
excoriations and ulcerations are almost always formed, which 
either heal by cicatrization or occasionally result in adhesion of 
apposed mucous surfaces. In rarer cases the glans is constrictcil 
by the formation of extensive and deep scars, or atrophy of t h c 
prepuce occurs. As a result of the latter, just as in adhesion of the 
prepuce to the glans, phimosis {phimosis aegnisita) may develop. 
When the inflamed prepuce is pushed back over the glans, intense 
hyperemia and edema of the glans and a portion o^. the prepuce fre- 
quently occur, just as occasionally is observed in congenital phimosis 
when the foreskin is forcibly drawn backward over the glans. When 
this artificial constriction of the penis (paraphimosis) is sufficient 
almost entirely or completely to arrest the outflow of blood through the 
veins, stasis of the blood-current occurs, whereupon aj:)scess or gan- 
grene usually follows. 

In affections associated with general dropsy, the skin of the penis 
and prepuce may early (almost synchronously with the lower extremities) 
be the seat of edematous swelling, which is sometimes enormous. Thi^ 
swelling, however, does not result in gangrene, because the blood-stream 
in the veins is not interrupted, » 

In so-called soft chancre (chancroid, ulcus molle) a small papule 
or vesicle with reddened areola is first observed, usually upon the 
prepuce. By loss of the protecting epithelial covering a small, flat, chiefly 
circumscribed ulcer with undermined edges develops, which elaborates a 
grayish, purulent secretion, and manifests a great tendency to spread 
(^called eroding character) ; it then frequently infects those portions of 
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the skin which come in contact with the moist ulcer surface. The process 
may assume a phagedenic, gangrenous, or serpiginous character. Soft 
chancre is unquestionably infectious in nature. A quite thick, nonmotile, 
Gram-negativ^ bacillus {Bacillus ulccris cancrosi: Unna-Ducrey), which 
often forms long chains and is found in the secretion (free and within 
the pus-cells) and tissues of the ulcer, is regarded as the specific causative 
agent. It stains readily with methylene-blue, with which it sometimes 
shows polar staining. The organism can be grown upon blood-agar and 
produces chancroid when inoculated into man and monkeys. 

In soft chancre, in conlradistinction to the primary ulcer of syphilis, 
a number of ulcers very frequently develop upon, the frenulum, prepuce, 
and glans. On healing they leave flat, .soft cicatrices, which, if the ulcers 
have not been too extensive, almost completely disappear after a time. 
While syphilitic inflammation of the adjacent lymph-glands seldom results 
in suppuration, soft chancre quite frequently is accompanied by purulent 
inflammation of the lymph-glands: buboes {lymphadenitis aposte- 
matosa). In 4 cases of soft chancre of the fossa navicularis urethrae 
reported by Tschumakow^ chancroids were present upon the frenulum, 
whence they had advanced to the urethra by continuity or contiguity, per- 
forating the frenulum (bleeding from the arteria frenuli) or the fossa 
navicularia (fistula formation). Conveyance of the infectious material 
is ix)ssible also by way of the deep lymphatics. Complications in loca- 
tion of the ulcer uix)n the frenulum are hemorrhages from the arteria 
frenuli (sometimes very obstinate), perforation or complete destruction 
of the frenulum, i^alanitis, bubo. 

In their external appearance the vesicles of herpes praeputialis have 
a certain resemblance to the vesicles of soft chancre. They differ from 
the latter, however, by the fact that from the beginning they occur in 
larger numbers, and, although they form small excoriations after rupture, 
they do not a<feume an eroding character or extend into the depth, but 
heal quite rapidly without cicatrization. 

In congenital phimosis friable masses compq^sed of fat, fatty 
acids, lime, and albuminous material derived from the preputial smegma, 
etc., by inspissation and desiccation may accumulate in the sulcus glandis, 
especially in filthy individuals. These are to be distinguished from the 
true preputial stones: calculi prcvpiiiialis. The latter develop as 
the result of stagnation of urine, and consist of urates and phosphates 
(calcium phosphate and triple [ammoniomagnesian] phosphate). 

In structui^e the corpora cavernosa correspond to vessels, and their 
changes are connected with affections of the veins. Thromboses and in- 


^Zeitschr, f. Urol., 1911, Bd. S, H. 3, p. 217, 
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flammations of the walls are most frequent. Acute itiflamma- 
tions follow purulent processes of surrounding parts (phagedenic 
chancre, etc.) and terminate in abscesses. In the neighborhood of these, 
and on healing, sclerotic connective-tissue cicatrices develop, which may 
result in a deformity (angular position) of the penis. Partial ossifica* 
tion may occur within the cicatrices. 

Forcible flexion of the erected penis (fracture), as well as contu- 
sions, gunshot wounds, stab wounds, are generally accompanied by con- 
§iderable hemorrhage. 

Luxation of the penis is produced by avulsion of the prepuce from 



Fig. 455. — Section of erectile tissue, a, trabeculze of connective tissue, 
with elastic fibers, and bundles of plain muscular tissue, c; b, venous spaces. 
(After Cadiat.) 

t 

the glans and stripping of the skin from the whole shaft. Under these 
conditions the shaft of the penis is displaced into the scrotum or beneath 
the skin of the thigh. 

Tuberculosis of the penis is very rare and usually observed as a 
result of ritualistic circumcision. There are 16 authentic reported cases 
of the latter origin in infants. Lehmann reported^ 10 cases in Russian 
Poles upon whom a highly tuberculous rabbi, who soon thereafter died 
of tuberculosis, had performed the act of blood-sucking after circum- 
cision. In adults, tuberculosis of the penis without affection of the re- 
maining portions of the urogenital apparatus has been observed in 8 


* Deutsch. med. Woch., 1886. 
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instances.^ Multiform combinations of tuberculosis of the penis with 
tuberculous affections of other organs, e,g., the epididymis, kidney, 
urinary bladder, prostate, etc., have been described. The origin of 
isolated tuberculosis of the penis is obscure. Hematogenous infection 
with tubercle bacilli from some occult focus, and also, during coitus, 
infection with virus from tuberculous ulcers in the female, are possible. 
All parts of the penis may be involved, and the tubercles may originate 
either in the surface or in the depth of the tissues. Tuberculous ulcers 
of the penis have blue, undermined margins and a caseous base. The 
prognosis is not bad, as the danger of general extension and dissemina- 
tion of the tubercle bacilli is slight. The form following ritual cir- 
cumcision in infants, however, is very malignant, all patients dying 
within a year from generalized tuberculosis. The therapy is excision or 
amputation. 

Among the tumors carcinomata are most frequent: epithelioma 
of the scrotum (especially in chimney-sweeps and paraffin workers) and 
of the orifice of the urethra ; carcinoma of the prostate and of the testes, 
besides these, sarcomata and mixed tumors occur in the testes: enchon- 
(Iroma with sarcoma, myxoma, or carcinoma, and also adcnocarcinomata. 
Lil)omata sometimes develo|.> from the sjiermatic cord; myomata, sarco- 
mata, and osteomata sometimes originate from the tunics of the testicle. 
Carcinoma of the prostate is infrequent, occurs in relatively young 
individuals, and appears frequently to produce mctastascs in the bones. 

Elephantiasic ,^iickenings of the skin not infrequently develop in the 
scrotum, and sometimes also in the prepuce. This elephantiasis of the 
scrotum and prepuce may attain enormous size. In tropic elephantiasis 
of the scrotum (so-callcd lymph-scrotum) Filariu sanguinis has been 
demonstrated in the dilated lymph-vessels. 

FEMALE SEXUAL ORGANS. 

The secretions of the vagina, which anatomicly is more 
closely related to the external skin than to the mucous membranes, and, 
therefore, has essentially a cutaneous structure, are chiefly cellular (epi- 
^Icnnoidal) in nature: not those of a mucous membrane. Leucor- 
[^lea, viginal c atarrh, or fliior albtis, is connected, on the one 
h‘Uid, with menstruation ( 7 . 7 '.), and, on the other, with the lochia; it 
^‘^tcii becomes stationary, especially after the puerperium, at the portio 
’'^'^Hnnalis uteri: in that portion of the uterus which is covered with squa- 
”^ous epithelium: chronic endocervicitis. The cervix then appears dark 

X(» Beitrage, Bd, 72; Ref. Zeitschr. f. AerztUche Fortbildung, 1911, 

• m, p, oOl, 
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red, moist, glistening, and eroded; besides, the squamous epithelium is 
gradually displaced by the cylindric epithelium of the cervix. 

Acute purulent colpitis (vaginitis) is accompanied by intense swell- 
ing and redness of the whole mucous membrane, and secretion of a puru- 
lent exudate. It is most frequently the result of gonorrheal infection. 
In the chronic form : colpitis granularis, which is caused particularly by 
foreign bodies and different discharges (in carcinoma of the uterus, vesi- 
covaginal fistulae, etc.), the mucous membrane is granular and thickened 
as a result of irregular hyperplasia of the papillse, partly deprived of its 
epithelium down to the lowermost layers, and eroded and intensely hyper- 
eraic. On long duration of simple catarrhal colpitis the mucous mem- 



Fig. 456. — Papillary erosion of the portio vaginalis uteri, a, connective 
tissue of the portio vaginalis; b, lamellated squamous epithelium; c, gaping 
openings of dilated glands; d, dense cellular infiltration of proliferating tissue 
which is covered only by a single layer of cells. X 45. (After Ziegler.) 

brane assumes a hard, leathery consistency, in that the surface 
becomes completely smooth : colpitis Iccvis, In advanced age, sometimes 
also earlier, especially when erosions or ulcerations had existed, chronic 
colpitis produces conglutinations and adhesions qf apposed 
surfaces. The lumen is thus considerably narrowed and shorteneil 
Narrowing may occur also as a result of strong retraction of syphilitic 
cicatrices, particularly at the introitus. 

Inflammatory changes of the vulva are generally associated with 
‘those of the vagina. Upon the inner surface of the labia majora s m a H » 
smooth ulcers, which usually heal without cicatrization, develop 
catarrhal states resulting from uncleanliness, friction, etc. Large scars 
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at the introitus vagince are, as a rule, due to injuries received during 
parturition; hard, radiate scars are generally referable to syphilis. 
So-called pointed condylomata: covdylomata acuminata introitus 
vagina (see p. 547), which may attain very considerable dimensions, de- 
velop at the posterior portion of the vaginal opening as a result of intense 
continued gonorrheal irritation. 

liartholin's glands (glandula vestibulares majorcs)^ which are anal- 
ogous to the bulbourethral glands in the male, are bean-sized mucous 
glands opening into the vestibule by pinpoint excretory stomata on each 
side of* the hymen. The chief affection is simide and purulent catarrh 
(bartholinitis), the purulent form occurring most frequently in con- 
nection with gonorrhea, Idle inflammatory process may be confined to 
the ducts or involve the gland, in the latter instance often resulting in 
abscess. Cysts may follow inflammatory and cicatricial closure of the 
ducts, d'he glands may also be the seat of carcinoma. 

In the cervix uteri a certain amount of mucus is constantly found, 
which, compared w ith the other secretions of the genital canal, is charac- 
terized by its unusual viscidity. Sometimes there is intense production 
of these mucous masses (chronic endocervicitis), which, owdng. to their 
tenacious character, esjiecially in elderly individuals, easily remain in situ, 
W ith this is associated an increasing enlargement and funnel-shaped 
dilation of the whole cervix, or an increasing constriction 
develops at the external os, since the chronic catarrh is accompanied by 
cicatricial rctractior/of the tissue of the mucous membrane. In this case 
a barrel-shaped, sometimes spheric dilation of the cervix de- 
velops. 

In some cases the constriction goes on to complete stenosis, 
very rarely to complete adhesion (atresia). Dilation more fre- 
quently follows tlje puerperium, favoring discharge of the mucus, while 
constriction cKcurs particularly at the climacteric and hinders the dis- 
charge. The greater the amount of mucus accuinulateil, ^flie stronger the 
dilation from pressure of the exudate. The pressure interferes with 
iHitrition and leads to a t r o p h y of the muscular and glandular elements, 
^’bicb is recognizable principally by the gradual thinning and rigidity of 
the wall. 4 

Retraction of the mucous membrane at the internal os, wdth con- 
striction and final adhesion, may result in an entirely similar man- 

from chronic catarrhal endometritis of the body of the 
sterns. Considerable constriction may be produced also by the so- 
callcd Nabothian glands and f 1 e x i o n s of the uterus. Accumn- 
^ of uterine mucus, which docs not possess the viscidity of cervical 
but is thin and watery, and dilation of tlie body of the 
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uterus with atrophy of the wall : hydromaia, are present in all these 
cases. The cervix is not involved in the process. 

In the Fallopian tubes also chronic catarrh is often as- 
sociated with retention and dilation. Retention occurs when the abdom- 
inal orifice of the tube is closed by adhesive processes. The uterine orifice 
is sometimes closed in like manner, but not necessarily, because it is so 
narrow that mucous masses, marked swelling of the mucosa, and valve- 
like folds alone suffice to obstruct the passage. The exudate consists 
chiefly of desquamated epithelium, mucus, and a variable number of 
round cells. Later, the exudate becomes thin and watery, and a state 



Fig. 457. — Section across the Fallopian tube. (After Schaefer.) 


which is designated as hydrops cysticus tuber, or hydrosalpinx, de- 
velops. By admixture of blood this is transformed into sanguino- 
lent hydro. saliMnx. If the hemorrhage predominates, hemato- 
salpinx develops. The blood may be found in the fresh state, or in 
the stage of transformation into pigment. In the latter case the contents 
are brownish, sometimes watery, sometimes creamy, and in appearance 
resemble chocolate. The accumulation of exudate is generally accom- 
panied by displacement of the tube, which is materially influenced by 
perimetritic adhesions (with uterus, ovary, intestine). Marked distor- 
tion, inflammations, and even perforation may be caused by strong 
dilation. 

In the ovary, hydrops follicularis or hydrops f olliculorum ovam 
in pregnant females and elderly women, who frequently suffer at the same 
time from dropsy of the uterus and tubes, corresponds to these catarrhs 
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with retention. In hydrops follictdaris usually only a small number of 
the Graafian follicles ate dropsicly degenerated ; small cysts develop with- 
out marked change in the form and size of the ovary. (See Cystomata, 
p. 309.) 

The corpora Itflea vera (in pregnancy) et menstruales (in men- 
-»struation) form on rupture of a Graalfian follicle. In this condition a 
number of vessels are always opened, which, after discharge of the ripe 
ovum, pour their bloofl into the empty follicle. The blood coagulates and 
in the fresh state forms the corpus hccmorrhagicum ovarii; subsequently 
it undergoes the same changes as does usually a thrombus. The differ- 



4/ 


Fig. 458. — Section of the ovary of a newly born child. Highly magni- 
fied. a, ovarian or germinal cpitheliimi ; b, formation of an ovarian tube ; 
c, c, primordial o\a lying in the germ-epithelium; d, d, longer tube becoming 
constricted so as It) form nests of cells ; e, e, larger nests ; /, distinctly formed 
follicle with ovum and epithelium; g, g, blood-vessels. (After IValdeyer.) 

cnee between corpus lutea verttm and mcnstrxialc is solely in the size; 
tlie former is about from pea- to hazelnut- size ; the latter is smaller. The 
corpus lutcum verum is larger, because, at the moment of fecundation, 
a strong hj^eremia of the sexual organs begins, and, therefore, the hem- 
orrhage into the empty follicle is more profuse and of longer duration. 

Little is known of parenchymatous inflammation o^ the ovary 
{oophoritis follicularis) . On the other hand, chronic interstitial 
oophoritis is a very frequent process, which sometimes involves the 
whole ovary, sometimes more the peripheral portion, 
the first case the ovary is small, shrunken, very firm, nodular 

56 
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on the surface, and frequently contains small fibromata within the in- 
terior ; in the other case the peripheral layer, about 1 him. thick, is hard, 
whitish, and fibrous, while the interior appears unaltered. In the puer- 
perium and in purulent processes of the abdominal cavity oophoritis 
erysipelatodes or phlegmonosa sometimes develop ; dSk ovary thus altered 
is swollen, reddened, strongly succulent, erysipelatous, cloudy, and 
strongly relaxed (flabby). 

A not rare, but infrequently recognized, affection of the ovary is 
hematoma. By this is not to be understood the ordinary Graafian fol- 


Fig. 459. — Carcinoma of the ovary, a, tubular and papillary ; c, alveolar 
carcinomatous tissue; h, e, h, connective-tissue stroma; d, anastomosing cell 
strands; f, primary follicles resembling alveoli; g, alveoli with wreath-like 
groups of nuclei. X 100. (After Ziegler.) 

licles or corpora lutea distended with fluid or coagulated blood, but 
usually larger cavities, with or without true wall and not always situated 
near the surface, filled with old brown, oil- or tar- like, partly granular 
coagulated blood. These formations or the ovary containing them arc 
always adherent to adjacent parts. J. Presscott^ observed 18 such cases 
within a year and a half. The majority of the patients were unmarried 
or childless; the married patients had on the average 1.2 children. Th^^ 
ages ranged from 24 to 53 years. The chief symptom is either occa- 
sional or continuous pain in the pelvis. Often dysmenorrhea and myoma 

Jour. Obst. and Gyn. of Brit. Emp., Nov., 1910. 
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also are present. These tumors apparently originate by confluence of 
Graafian follicle^ situated too deep in the ovarian tissue to rupture exter- 
nally and expel the blood contents into the free peritoneal cavity. This 
would seem to indicate a certain hypofunction of the ovary. The encap- 
sulated blood appears to be readily subject to infection, particularly with 
the Staphylococcus albus: a relatively harmless parasite which leads to the 
constantly present peritonitic adhesions. On the other hand, if Graafian 
follicles filled with bloo<l become infected with other bacteria, the 
streptococcus or the gonococcus, acute suppuration of the hematoma 
occurs. 


A 



Fig. 400. — Cystocarcinoma ovarii. /I, area from which section shown in Fig. 

461 was taken ; B, corresponding areas of carcinomatous degeneration. 

Aside from the small, insignificant fibromata, the most frequent 
tumors of the \) vary are the cystomata (cystadenomata), which in 
structure and development are closely related to the carcinomata. Fur- 
thermore, the ovary is characterized by the occurrence within them of 
dermoid cysts. Endotheliomata are frequently recorded ; rarer fibrosar- 
comata and spindle-celled sarcoma ; quite rarely adenoma, enchondroma, 
psammocarcinoma, and pure primary carcinoma; more frequently meta- 
static carcinomata. 

The so-called Nabothian ovula are retention cysts of the glands 
of the mucous membrane of the cer7nx uteri, which generally attain the 
size of a hemp seed and contain viscid, colloid mucus and cells. They 
develop in chronic catarrhs and tnay act as an irritant, and either sustain 
the catarrh or cause proliferation of the mucous membrane. In the first 
case, when numerous ovula nabothi are present, intense swelling and 
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active reddening of the cervix with funnel-shaped dilation result. This 
state has a certain similarity to forms of acne of the external .skin, 
and, therefore, is called also acn^ hyperplastica cervicis uteri (also incor- 
rectly called uterus infarct). (See p. 891.) From the parietal 
Nabothian ovula develop polypoid mucous cysts of the cervix project- 
ing singly, or in groups more and more above the surface, and fiila41y 
protruding from the external os as cystic polypi with long pedicles as a 
result of proliferation of the surrounding (i n t e r f o 1 1 i c u 1 a r) tissue. 



Fig. 461. — Carcinomatous structure of tissue removed from A in Fig. 
460. A, carcinoma cell nest. 


In the same manner pedunculated cystic polypi may develop also from the 
uterine mucous membrane {endometritis chronica cystica polyposa), when 
atresia and cystic dilation of the utricular glands have been produced 
by adhesion of the mouths of ilie ducts. On the other hand, cystic degen- 
eration of the glands {endometritis catarrhalis cystica) may occur also 
without polypus formation,, when induration and retraction of the whole 
mucous membrane coexist. 

Almost all the polypi have very wide, superficial vessels, and are the 
source of considerable and frequent hemorrhages; furthermore, like the 
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oml<i mbothi, they favor and sustain the tendency to fluor nlbus and 
metrorrhagia. 

With catarrhal endometritis are connected those forms of endome- 
tritis which progress essentially in the mucous membrane. Three forms 
are differentiated: glandular, interstitial, and mixed en- 
dometritis. The glandular form consists essentially in hyper- 
plasia of the utricular glands; these become longer and tortuous, and 
send out lateral prolongations. The mucous membrane is thus thickened ; 
the surface is strongly reddened, and often somewhat uneven and undu- 



Fig. ^2. — Cystic degeneration of fibroid uterus. A, cystic 
degeneration; B, fibroid tissue. 


lated. The interstitial form of endometritis also is generally at 
first associated with swelling and hyperemia, so long as the new-formed 
connective tissue is richly cellular; as soon, however, as formation of 
new intercellular substance has begun, comlensation and retraction, with 
obliteratibn of the utricular glands, result. This may progress so far 
that the mucous membrane is replaced by a hard layer of fibrous 
connective tissue, which extends directly into the fibromuscular 
tissue of the uterus. In the mixed forms of endometritis sometimes 
the glandular, sometimes the interstitial, proliferation preponderates. In 
some cases the increase of connective tissue is not followed by cicatriza- 
tion, but by villous formation upon the surface, so that the whole uterine 
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mucous membrane appears to be covered with delicate excrescences 
only a few millimeters in length. In this villous endometritis 
(see Fig. 466) the utricular glands are but slightly or not at all involved. 

Acute purulent catarrhal inflammation of the endometrium and mu- 
cous membrane of the tubes is caused by noxious influences, acting either 
from without^ upon the mucous membrane or from the vascular system, 
for example, in infectious diseases. The most common cause of purulent 
catarrhal endometritis is gonorrhea; this purulent affection not infre- 



Fig. 463. — Papillary cystadenoma of the ovary. 


quently extends to the mucous membrane of the tubes and there produces 
purulent salpingitis, which is always associated with intense swelling 
of the whole tube, sometimes also with considerable cystic dilation: 
pyosalpinx. 

Acute purulent endometritis is often followed by metritis and 
perimetritis, which results in adhesive processes.* 

Diphtheritic processes occur in the uterus almost only in the puer- 
perium, and often are the cause of severe puerperal infection; they fre- 
quently assume a phlegmonous or gangrenous character (endometritis 
diphthcrica gangreenosa). Diphtheria of the vagina (colpitis diphtherica) 

^ In the endometrium, from the vagina; in the tubes, from the vagina or from 
the abdominal cavity. 
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is observed in acute infectious diseases (cholera, small-pox, etc.), in 
local action of noxious agents (foreign bodies, trauma, ichorous exudates, 
carcinoma, fistulse), and in diphtheritic and gangrenous processes of the 
vulva (noma, carbuncle, phagedenic chancre). Diphtheria of the vulva 
sometimes is observed coincidently with diphtheria of the pharynx. Gan- 



Fig. 464. — Same as P'ig. 463, More highly magnined. 


of the vulva occurs in small, debilitated children who have at the 
same time noma of the face ; in adults it may develop as a result of local 
infection with anthrax: from furuncles, carbuncles, phlegmons, and in 
connection with diphtheria, scarlatina, typhoid, cholera, etc. 

Deeply extending ulcerative processes, which finally lead to communi- 
cation of the vagina with the bladder, rectum, or cul-de-sac of Douglas, 
generally develop after contusion during labor or as the result of disin- 
tegration of tumors, especially carcinoma of the cervix, seldom from 
other causes (trauma, foreign bodies retained for a long time, etc.). 
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Parametritis is always due to an acute purulent inflammation of the 
endometrium, which most frequently occurs in connection with the puer- 
perium; it sometimes occurs also in carcinoma, gonorrhea, and after 
gynecologic intervention. Abscesses which pursue a very chronic course 
and either remain stationary and cause secondary chronic thickening or 
spread and rupture externally or internally {cavum peritonei) are 
frequent. 

Perimetritis or pelvic peritonitis {pclvco peritonitis) generally fol- 
lows salpingitis or parametritis, sometimes also metritis, subserous myo- 
mata of the uterus, etc.; it almost always results in the formation of 
adhesions in the true pelvis, seldom in abscess formation, which, after 



Fig. 465. — Hyperplasia of the uterine mucous membrane, a, a\, transverse 
section of glands; b, connective tissue of the mucous membrane; c, blood- 
vessels. X 150. (After Ziegler.) 

antecedent adhesion, may rupture into the abdominal cavity, intestine, 
bladder, or genital canal. Perimetritic processes generally cause back- 
ward displacement of the uterus and its appendages and fixation in this 
position. The normal position of the uterus is about parallel with the 
sacrum ; the cervix and corpus do not run in a perfectly straight line, but 
in the region of the internal os form with each other a wide angle of a 
little less than 180 degrees. Laterally, the uterus is fixed principally by 
the Ugamenta lata and rotunda. The position of the u t e r u » is subject 
to certain variations according to the filling of the rectum and bladder. 
Deviations from the normal position occur by approach of the fundus of 
the uterus to the sacrum or recession from it. In the first instance 
retroflexion and retroversion, in the second anteflexion and anteversion, 
occur. In anteversion and retroversion the long axis of the uterus i*^ 
dianged ; the relation of the cervix to the corpus is unchanged ; hence, iu 
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anteversion the cervix is displaced farther backward than normal, i.e., 
approaches nearer to the sacrum, and, conversely, in retroversion it is 
pushed toward the symphysis. In retroflexion and anteflexion the cervix 
and corpus form with each other an angle which may be almost a right 
angle or acute angle. Here the position of the cervix to the vagina 
deviates but slightly or not at all from the normal position. Anteflexion 
occurs congenitally, 1 and, as in other changes of position, it may be 
acquired as a result of labor, especially when the uterus is very flaccid. 
It is still a question whether adhesions favor or produce the false 


positipns. 



Fig. 466.— Proliferative vil- 
lous endometritis in woman 
aged 25 years. % natural size. 
(After Langerhans.) 



Fig. 467. — a, hypertrophy of uterine 
muscle-fiber cells in pregnancy ; h, de- 
generation of fiber cells after delivery. 


Prolapse gf the uterus {prolapsus or procidentia uteri) is possible 
only when the ligamenta {uterosacral, accompanied by latum and rctiin- 
dum) are relaxed and yielding. Prolapse of the utenis is generally 
perineal laceration and is accompanied by prolapse of the vagina. 
An apparent prolapseof the uterus develops from general hyper- 
trophy and elongation of the cervix. In this condition the 
fundus Femains in its natural position, while in true prolapse it descends. 
In both cases the vagina is everted and the portio vaginalis may pro- 
trude from the vulva. Three stages of prolapse of the uterus are diflFer- 
entiated. In the first stage — sinking — the uterus has descended into the 
vagina, but has not yet reached the introitus; in the second stage — 
incomplete prolapse — the cervix appears in the rima vulvcc; in 

^ Usually congenital anteflexion is permanently overcome by pregnancy. 
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the third stage — comple te prolapse — the uterus puslies the whole 
vagina outward and lies between the thighs in front of the vulva. 

Primary prolapse of the vagina is favored by defective position of 
the uterus (slight retroversion) and by loose connections with neighbor- 
ing organs. It always develops in connection with labor, through which 
all parts undergo a certain degree of relaxation, enlargement, and disten- 
tion, especially when the vagina is deprived of an important supjxjrt by 
a perineal laceration which does not heal by primary intention. Partial 

prolapse of the posterior or (rarer) of the anterior vaginal wall is 

more frequent. In this condition, as a rule, the lower portion oj. the 
posterior or anterior vaginal wall forms a flat to hemispheric, often semi- 
walnut-sized protrusion into the vagina. 



Fig. 468. — Successive stages of inversio uteri. (After Lcisliman,) 

V 

Inversion of the uterus signifies inversion of the fundus uteri in- 
ward ; it may be partial or complete, is very rare, and occurs after labor 
and in intrauterine tumors which arise from the fundus. (See Myoma, 
p. 259.) 

Hypertrophy of the uterus is a physiologic process in pregnancy. 
In this condition the smooth muscle-cells are enormously enlarged. (See 
p. 467.) After parturition the uterus slowly decreases in size, so that 
after a few weeks it is still possible to diagnosticate an antecedent labor 
from the thickness of the uterine wall, the very wdde, thick-walled, and 
partly marked tortuous vessels, and the partial fatty metamorphosis 
(yellow maculae). The wide and thick-walled vessels never cqmpletely 
return to their fonner state, but remain visible at a later period as a 
characteristic sign of former pregnancy. Not infrequently involu- 
tion of the uterus is incomplete after parturition, especially 
when secundines are not wholly extruded or endometritis exists; the 
uterus then remains enlarged and often strikingly hard as a result of 
interstitial proliferation and condensation. Hypertrophy of the uterus 
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is observed also in false position, circulatory disturbances, tumors, and in 

extrauterine pregnancy. 

In so-called uterus infarct (metremphraxis) the uterus is usu- 
ally in a state of incomplete involution after labor. In this alteration the 
uterus and the adjoining fibromuscular substance contain unusually wide 
and strongly congested vessels, so that the inner surface and, on incision, 
a more or less broad portion of the body of the uterus appear dark red, 

almost like an infarcted lung area. This affection occurs only after par- 
turition, and is due to incomplete involution of the vessels. Generally it 
is somi* noxious influence which, in connection with labor, causes con- 
tinued hyperemia, so that a permanent condition finally results. (See 

p. 90.) 

Atrophy of the uterus, aside from the small uterus in chlorotic sub- 
jects, occurs as senile atrophy in advanced age, in hydrometra, hemato- 
nietra, mycosis uteri, and in connection with the puerperium. 

Hematocolpos signifies accumulation of blood in the vagina; it 
occurs in imperforate hymen. H e m a t o m e t r a develops as a result 
of accumulation of menstrual blood within the uterus in atresia or con- 
striction of the orifices, or of the upper portion of the vagina. 

Hematoma of the vulva may form a swelling the size of the fist or a 
cliiUrs head; it develops as a result of trauma, most frequently during 
labor. 

In Douglas’s space — the deepest portion of the abdomen — a locally 
circumscribed exudative inflammation of the peritoneum is frequently 
found; the exudate is generally fibrinous. This exudate may be trans- 
formed into a richly vascular layer of connective tissue by organization 
and vascularization. In variations of blood-pressure, small extravasates, 
which are transformed into pigment and impart to the affected areas a 
rust-brown appearance, frequently develop from the new-formed vessels. 
When the hemorrhages are so large that the inflammatory phenomena are 
obscured, the condition is designated as retrouterine hematoma, 
(See Tumors, p. 213.) 

In the mammary glands^ an acute interstitial mastitis 
terminating in suppuration : acute purulent interstitial mas- 
titis, quite frequently develops in connection with lactation and small 
injuries of the nipple. An acute purulent inflammation, starting from the 
nipples, is often observed also in the newborn, male or female {mastitis 
^iconatorum) y from about the third to ninth day after birth, occasionally 
later. 

In obliterating mastitis, which is comparatively rare, the inflam- 


^ For the chronic forms of mastitis, see Fibroma, p. 219. 
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matian involves both the alveoli and excretory ducts, the inflammatory 
infiltration and destruction of the parenchyma varying in intensity in 
different parts of the gland. While in the alveoli there is more or less 
extensive degeneration of the epithelium, due to simple pressure atrophy 
resulting from the surrounding lympliocytic tissue, in the excretory ducts 
various processes are observed : destruction of the adventitia by lympho- 
cytic invasion, which causes thickening and fibrillation; proliferation of 
young granulation tissue in the inner wall of this layer, which first excites 
irritation and proliferation of the epithelium and afterward causes its 
disintegration. Dilation of the lumen or cyst formation never octurs ; on 
the contrary, narrowing of the lumen takes place para passu with the in- 
creasing proliferation of the granulation tissue, which finally results in 
complete destruction of the epithelium and obliteration by adhesion of 
the margins of the denuded lumen. 

Milk cysts: galactocele, may form during lactation as a result 
of retention of milk in the lactiferous ducts. These sometimes at- 
tain considerable dimensions; at first they contain milk, later a butter-like 
material, which is often mixed with hemorrhagic products. Small cysts, 
which are easily differentiated from those previously mentioned by their 
large number, chronic course, and serous contents, are sometimes found 
in advanced age. These, however, may occur also in earlier life and by 
confluence develop into large cysts. On long duration, papillary excres- 
cences of the wall and fibrous thickening in the neighborhood appear. 

From the milk glands develop principally carcinomata and pre- 
ponderatingly in the female (98 per cent, in the feiffale and only 2 per 
cent, in the male). Not rarely the external skin is the matrix of mam- 
mary carcinoma. Next in frequency to carcinoma are fibromata and the 
so-called adenomata (the nonmalignant) and mixed tumors: fibroadeno- 
mata and cystic fibroadenoma, which frequently occur in the female 
breast. The cystic fibroadenomata frequently undergo carcinomatous 
degeneration, particularly when they assume a papillomatous character. 
Primary sarcomata, lipomata, and endotheliomata also are observed. 
Leiomyoma, rhabdomyoma, and chondroma are rare. (For tuberculosis 
of the mamma, see Tuberculosis, p. 477.) 

During menstruation the walls of the uterus and tubes are swollen 
and the mucous membrane thickened, succulent, and herforrhagicly 
hyperemic. The excreted menstrual blood is alkaline and coagulates 
when unmixed with the vaginal mucus, e.g,, when it remains for some time 
within the uterus. The vaginal mucus consists of mucus, epithelia, fat, vol- 
atile fatty acids (cause of odor), etc.; it is acid in reaction and prevents 
coagulation of the blood. During menstruation there is hypersecre- 
tion from the vagina ; the menstrual blood and vaginal mucus mix and 
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produce the acid-reacting menstrual fluid. The acute swelling of 
the mucous membrane and the increased secretions present the clinic 
picture of acu*te catarrhal inflammation. 

Pseudomenstruation is a hemorrhagic state of the endometrium re- 
sembling menstruation and is easily diagnosticated in old persons and 
children ; at the age of sexual maturity, however, it is best recognized by 
the absence of synchronous ovulation (as in systemic disease, eruptive 
fevers, etc.). The causes are, on the one hand, inflammatory changes 
in the mucous membrane in acute infectious diseases ; on the other hand, 
niitritivfi disturbances of the vessels, c.g., in phosphorus poisoning, and, 
as it appears in elderly women, very frequently sclerosis of the uterine 
arteries in consequence of former pregnancies, sometimes also as a con- 
comitant of general arteriosclerosis. In the last case it is probably an 
agonal or preagonal ])lienomcnon, since older manifestations of hemor- 
rhage arc lacking. Also in the climacteric, uncontrollable hemorrhages, 
which finally necessitate removal of the uterus, the same changes of the 
arteries, to which the hemorrhage probably is due, are found. (See p. 54.) 

In dysmenorrhea i)ortions of the mucous membrane are exfoliated 
and discharged as such with the menstrual fluid (accompanied by intense 
pain). The mucous membrane is exfoliated because in the interval 
(between the two periods) it has proliferated, lost the character of 
ordinary mucous membrane, and assumed a state wdiich sometimes 
resembles almost exactly the decidua. The detached pieces consist of 
large decidual cells^.have a smooth internal and rough external surface, 
and, corres{X)nding to the utricular glands, perforated in cribriform 
manner : decidua menstrualis. This membranous dysmenor- 
rhea, therefore, constitutes in a measure a transition to proliferation 
of the mucous membrane in conception. The latter, as is known, is fol- 
lowed immediately by transformation of the mucous membrane into the 
decidua, which, according to the position of the ovum, is then very 
quickly differentiated into the decidua vera} reflexa’^ and serotina.^ 

Premature interruption of pregnancy occurs: (1) in diseases of 
the mother: inflammation of the decidua {endometritis decidualis)^ in- 
juries, hemorrhages, intoxications, retroflexion of the gravid uterus with 
incarceration, etc.; (2) in diseases of the fetus (syphilis), and (i) in 
false position of the fetus. Endometritis decidualis is generally the con- 
tinuation of pre-existing endometritis; the strongly proliferated vessels 
exert an unusual irritative action upon the whole surface of the ovum and 

J Parietal portion, 

"j^eveloped by intense proliferations, covers the ovum; not parietal portion. 

. That parietal portion upon which the ovum rests, where the adjacent chorion 
becomes the placenta. 
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cause proliferation of the villi. The stronger this is, the more nourish- 
ment is withdrawn from the fetus, so that the latter finally dies. The 
proliferated villi may then continue to develop independently for some 
time. The uterus is now either freed of its contents by abortion or 
hemorrhages take place, which frequently recur and form the 
so-called blood-moles, or, when the blood is decolored, flesh, or 
carneous, moles. These are large, formless masses, which are 
finally spontaneously expelled and give the impression that they consist 
only of coagula. 

Likewise, in cystic, vesicular, or hydatid mole, mola hydatitfosa, the 
embryo dies and a mass is expelled which consists essentially of a con- 
volute of millet-seed- to dove-egg- sized vesicles attached by slender 
pedicles. The process here is a myxomatous hyperplasia of the basement 
tissue of the chorionic villi. This change may early attack all villi; then, 
as a rule, an embryo cannot be found; if it occurs later or is only partial, 
the embryo may be almost completely developed. Here the process is a 
primary alteration of the ovum. The view that hydatid mole is due to 
myxomatous hyperplasia is combated by many; some observers consider 
it probable that the process begins with proliferation of the epithelial layer 
of the villi, and that dropsic swelling follows. 

In abortion due to syphilis of the fetus, the latter usually is 
born in the so-called macerated state. The fetus is then saturated 
with dissolved hematin and intensely soaked with fluid; the epidermis 
separates in the form of large flakes on the slightest .touch. 

Abortion is generally accompanied by certain dangers which are 
essentially dependent upon vsuperadded states. In well-conducted obstet- 
ric clinics cases of puerperal sepsis after birth at full term are the excej)- 
tion. The dangers which, in contradistinction to normal labor, accom- 
pany abortion are due partly to the fact that in many cases premature 
birth is induced with criminal intention by persons who are insufficiently 
skilled in the method of performing this interference, and, therefore, do 
not observe the necessary precautions ; partly to the fact that in most cases 
of premature birth pathologic alterations (of the mother, fetus, or both) 
already exist, and in great part to the fact that the dangers which at- 
tend abortion are underestimated, and, therefore, the necessary precau- 
tionary measures are not adhered to. For these reasons puerperal 
affections are so much more frequently observed after abortion than after 
normal labor. Puerperal affections (puerperal fever, puerperal sepsis) 
are almost always due to infection of the fresh wound surface of the 
uterus after expulsion of the ovum. The course of puerperal affection^ 
is very variable; in many cases death occurs so rapidly — ^within the fir t 
twenty-four hours post abortum or post partum — ^that, aside from the 
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phenomena of very rapid decomposition and putrefaction of the whole 
body, no anatomic changes are found, not even tumefaction of the spleen. 
Neither does the fresh wound surface of the uterus present any character- 
istic signs ; in the blood, however, countless bacteria are found. In other 
cases the course of the disease is more protracted, lasting from a few days 
to many months. In these cases anatomic changes are always demonstrable 
at necropsy, according to which two groups can be differentiated. In 
the one phenomena of acute peritonitis predominate ; in the other meta- 
static foci (usually quite numerous) of suppuration are present. In all 



Fig. 469. — Tubal pregnancy. 

cases the fresh Ground surface of the uterus is altered ; it is either cloudy 
or covered with distinct purulent, sanguinopurulent masses, or diphther- 
itic, ichorous, or gangrenous. 1 f general fatal peritonitis develops in con- 
nection with these changes in the wound surface of the uterus, it can 
usually be demonstrated that the process in the uterus has extended 
through the tubes to the peritoneum. If, on the other hand, meta- 
static processes (purulent, ichorous) follow the uterine affections, puru- 
lent and ichorous thrombophlebitis are generally found in 
the wall of the uterus and in the parametrium. 

In the course of cxtrautcrine pregnancy (ectopic gestation), i.e,, of 
defective position of the ovum, there is always found in the uterus, 
and particularly in the endometrium, proliferation exactly similar 
to that observed in the beginning of normal pregnancy. Extrauterine 
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pregnancy is due to the union of the spermatozoa and ovulum in an ab- 
norihal locality^ and failure of the fecundated ovum to enter the uterus. 
This is frequently, but not always, due to adhesions and displacements 
of the tubes and ovaries. According to the location of the ovum, an 

ovarian, abdominal, and a tubal pregnancy (see Fig. 469) are differen- 
tiated. In each the fecundated ovum exerts such an energetic irritative 
influence upon the surrounding parts that a placenta is formed. In 
tubal pregnancy rupture of the tube and death of the mother 
from internal hemorrhage often occur quite early. Tubal abor- 
tion may occur, and occasionally the process goes to full term without 
rupture. In ovarian^ and a b d o ni i n a 1 prcgnacy the fetus may de- 
velop until the normal end of pregnancy. Then uterine contractions 
(spurious labor) occur, the decidua is expelled from the empty 
uterus, and in the most favorable cases the fetus dies as the result of 
placental hemorrhages. Death of the fetus often occurs earlier. The 
dead fetus may atrophy or remain in loco for years (often for decades) 
in a quite well preserved state, or undergo calcification : lithopedion. 

During labor smaller or larger wounds very frequently occur, al- 
most always in the cervix uteri, less frequently at the introitus vaginse: 
perineal lacerations, etc., most rarely in the lower segment of 
the uterus : rupture of the uterus. 

Tuberculosis of the female genitalia is not uncommon. Necropsy 
records show that it occurs in from 18 to 30 per cent, of phthisical sub- 
jects, while clinicly it has thus far been demonstrabljp in only from 4 
to 7 per cenit.2 This is explained by the fact that in the majority of 
cases the process originates in the uterine appendages (Fallopian tubes) 
and progresses as a more or less painful affection of the adnexa. Accord- 
ing to Kroemer, Simmonds observed ‘'true primary genital localization” in 
4 of 80 necropsies upon tuberculous subjects. The frequency with which 
the different jx^rtions of the genital system are affected vJas, in 267 cases 
collected by Kroemer from the literature, as follows: Fallopian tubes, 
222; ovaries, 42; uterus, 67; vagina, 16; cervix, 11. This ratio and a 
series of negative experiments are the chief reasons why the adherents 
of Baumgarten do not recognize an “ascending"' tuberculosis (see p. 859), 
that is, secondary to an adjacent or distant tuberculous process, later of 
the tubes and also of the remaining genitalia. Extension ot uterine 
tuberculous processes to the cervix, vagina, and vulva is extremely rare. 
Tuberculosis may be transmitted from man to woman by coitus, e.g^, 
Glockner obvServed infection of the cervix from tuberculosis of the penis, 
and Jesionek saw tuberculosis of the penis from tuberculosis of the cer- 

* This form of pregnancy is denied by many. 

^ Kroemer, Deutsch. med. Woch., June, 1911, p. 1057. 
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vix. The former case wotild seem to indicate that tuberculosis of the 
female genitalia may occur primarily from ectogenous infection and take 
an ascending course. 

Among the malignant tumors of the female sexual organs, uterine 
carcinoma is by far the most frequent. This usually originates in the cer- 
vix, sometimes as villous carcinoma, and generally later involves the body 



Fig. 470. — Beginning epithelioma of the cervix uteri, it, epithelium; b, 
connective tissue ; c, epithelial cells growing into the depth ; d, dilated glands ; 
c, glandular epithelium, d, proliferating in the form of villi ; f, transverse 
section of* a gland the cylindric epithelium of which has been transformed 
into flattened epithelium. X 45. (After Ziegler.) 

the uterus and vagina, frequently also the bladder or rectum, and 
infrequently causes abnormal communication between the genital 
canal, on the one hand, and the bladder and rectum, on the other. By 
extension to, or compression of, the ureters, unilateral or bilateral hydro- 
nephrosis or hydronephrosis with purulent pyelonephritis quite frequently 

67 
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develops. These carcinomata generally soon extend to the parametrium 
and sometimes fill the pelvis with tumor masses. The great majority of 
them are squamous-celled carcinomata (epitheliomata). 

In addition to squamous-celled carcinoma (epithelioma) of the 

cervix, primary cylindric-celled carcinoma, adenocarcinoma, malignant 



Fig. 471, — Carcinoma corpus uteri. (After C. Keller.) 

adenoma, chorioepithelioma, and primary sarcoma of the body of the 
uterus also occur. 

Myomata or fibromyomata of the uterus are more frequent than 
carcinoma of the cervix, and sometimes undergo sarcomatous degen- 
eration.i (See p. 260.) 


t The question whether there is any connection between tumors of the genitnlia 
and diabetes is still a matter of dispute. >l^ile some authorities deny any conr>» o- 
tion and advise against operation for fear <radiabetic coma, Henkel (Deutsch. 
Woch., Nov. 18, I9D9) saw glycosuria disapftar in 3 cases after removal of lar^;; 
genital tumors. Henkel, therefore, believes tfwt there is an ^'intoxication glycosuria 
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Simple placental polypi developing from placental remains are not 
infrequently observed in the uterus after antecedent parturition and 
abortion. (See Fig. 472.) Next in frequency are so-called destruc- 
tive placental polypi. These are remains of chorionic villi 
\/hich proliferate, invade, and destroy the uterine wall and finally may 
perforate the uterus at the point of former attachment of the placenta. 
These constitute the transition to dcciduoma or syncytioma malignum, 
which has only recently been accurately described. Opinions regarding 
the latter variety of tumor are still at variance, as is shown by the names 





Fig. 472. — Placental polypus six weeks old. a, placental villi ; h, epithelium ; c, 
fibrin; d, red blood-corpuscles. X 45. (After Ziegler.) 

t 

employed to designate it, as: dcciduoma malignum, sarcoma dcciduocelhi- 
destructive epithelial tumor of the site of pla- 
c*ental attachment, syncytioma malignum, etc,^ The question 


'which, without the symptoms of essential diabetes, occasionally is caused by genital 
tumors. Calmann reports {Munch, mcd. Woch., 1910, p. 1999) 2 cases which con- 
tradict Henkers assumption ; he states that glycosuria is neither an indication nor a 
contraindication for myoma operation, as was formerly supposed. (For discussion 
^>f so-called diabetes of pregnancy, see U. Ehrct, Munch, mcd. IVoch., 1911, No. 17, 
I>. 897.) 


^ Veruht {Virchow* s Archiv, Bd. 196, p. 73) observed in a man aged 30 years 
? P*‘®y“White papillary tumor of the bladder which had formed numerous metastases 
the pelvic connective tissue; preyyrtcbral, mesenteric, and cervic lymph-glands, 
and lungs. Microscopic examinatioij'^^Bhowed that both the primary tumor and the 
metast^es were composed of two tSfferent types of cells: (a) syncytial elements 
1‘esembling the syncytia of the chorionic epithelium, and (b) large polyhedral cells 
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here is one of atypic, malignant, epithelial tumors the cells of which cor- 
respond partly to the typic stroma cells of the decidua, partly greatly 
resemble the epithelioid and giant cells peculiar to the decidua serotim. 
The large epithelioid and giant cells are considered by Marchand to be 
derivatives of the syncytium, because they morphologicly resemble these 
elements and possess the same relation to the blood-spaces, in which they 
are observed isolated and in groups. These cells often coalesce and form 
large trabecular and reticulated bands between the wide blood-spaces. 
Somewhat smaller, clear, polyhedral cells characterized by a particularly 
high glycogen content also occur in these tumors. 



Fig. 473. — Section from a placental carcinoma at the point of transition 
into the uterine wall, a, muscularis of the uterus; b, large venous blood- 
space; c, thrombus; d, intravascular chorionic villus with proliferated syn- 
cytium in a large blood-space opened inward and occupied by thrombi; di, 
epithelial proliferation upon the vessel wall; e, proliferating epithelial mass 
penetrating into a small vessel ; /, groups of proliferated epithelium within 
the veins of the uterine musculature; y, thrombus; h, proliferating cells in the 
walls of a vein. X 70. (After Ziegler.) 

Primary carcinomata of the vulva are quite rare ; they usually 
extend to the vagina. The vagina is rarely the seat of primary carci- 
noma (see Fig. Ill, p, 298), but it is frequently secondarily involved 

differing only slightly from Langhan’s cells. Transitions between both kinds of 
cells were frequently noted. The greater part of the stroma was highly edematous, 
producing manifold variations of structure. This case demonstrates that not all 
tumors morphologicly simulating chorioepithelioma are to be re^rded as such 
gjeneticly, but rather that abundant formations resembling chorioepithelioma occa- 
sionally may occur in a carcinoma manifesting ftdthing characteristic macroscopicly. 
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by carcinomata of the cervix uteri and of the vulva. Primary sarcomata 
of the vagina are rare; fibromyomata are more frequent. Lipomata and 
fibrosarcomata, fibromata and fibromyomata sometimes develop from the 
vulva. 

Elephantiasis of the vulva is somewhat more frequent, and may 
involve the labia majora, labia minora, or clitoris. Marked elongation of 
the labia minora is a frequent result of self-abuse. This condition is desig- 
nated. also as Hottentot apron, because in Hottentots extraordi- 
nary development of the labia minora is hereditary. 

l^raurosis, or atrophy of the vulva, a condition in which the vulva 
is shrunken and narrowed, the labia minora and clitoris disappearing, is 
said to be due to progressive atrophy of the skin and disappearance of the 
elastic fibers, or to primary affection of the cutaneous vascular reticulum 
followed by edema and finally atrophy. Repeated scratching, excited by 
pruritus vulvcc, is stated as the cause. 

Primary sarcomata and carcinomata of the Fallopian tubes are 
very rare; fibromyomata also are of rare occurrence. (For tuberculosis 
of the Fallopian tubes, see Tuberculosis, ]). 477.) 
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Red, yellow, and colloid bone-marrow are differentiated. The red 
corresponds to growing bone, the yellow to the fully developed bone ; the 
colloid is a pathologic marrow, and develops in atrophic, marantic states 
and in old age. 

The red marrow is transformed into yellow only in tlie tubular bones ; 
wherever spongiosa is present and forms small, narrow spaces, i.e,, in 
the flat bones (ribs, pelvis, vertebrae, etc.), the red bone-marrow persists 
throughout life. The yellow marrow of the tubular bones consists of fat- 
tivssue; the red or lymphoid is a soft and very vascular round-celled 
tissue, a granulation tissue. In the process of transformation new cells 
do not take the place of the granulation tissue, but the round cells them- 
selves become fat-cells by taking up fat. Colloid marrow generally de- 
velops from fat-marrow, in that the fat disappears from the cells, the cells 
themselves become smaller, and the space thus produced is occupied by 
a soft, mucin-containing, albuminoid intercellular substance. 

The yellow marrow cannot without cause be transformed into red; 
a stimulus is necessary. The transition occurs acutely, so that it is best 
classed with the inflammatory processes (osteomyelitis). 
The fat is absorbed, and the fat-cells undergo proliferation. Transforma- 
tion of the yellow marrow into red marrow is most frequently observed 
in blood diseases, in pernicious anemia and leukemia; also as a local 
change in inflammations. 

The red marrow of growing bone originates partly through meta- 
plasia from calcified tissue, from the developed, compact bone; on the 
other hand, in myelogenous o.ssification, marrow-tissue is converted di- 
rectly into compact bone substance. Analogous to marrow-space forma 
tion, the compact bone substance may be substituted by another, soft 
tissue (periosteum or granulation tissue), the vessel channels broadenini^ 
and lacunar absorption of bone occurring on the surface 
This process is designated as osteoporosis. On removal of tke perios- 
teum, the surface of a bone thus altered is rough, finely aerated, porou'^, 
like unequally dissolved sugar; very small, fine spicula, which prick tin 
finger, can be felt on careful palpation. 

Through progressive transformation of marrow into compact botn' 
substance the bone trabeculae in the spongiosa may become gradualb 
broader and the marrow-spaces smaller; the spongiosa become^ 

( 902 ) 
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denser by thickening of the compact bone substance. This process is 
designated as osteosclerosis. In osteosclerosis in compact bone calcified 
bone-tissue occurs in place of the Haversian canals. The compact bone 
thus becomes like ivory: eburnatio, assumes a whiter color, and often 
resembles in its consistency ivory or porcelain. 

In the conversion of bone-tissue into marrow, the lime first disap- 
pears, leaving the bone-cells and an almost homogeneous, organic base- 
ment substance. In place of these appears a fluid which is soon displaced 



Fig. 474. — From a section of human red marrow, o, nucleated red blood- 
cell; b, reticulum; c, mitosis in a giant cell; d, giant cell; e, marrow-cell; 
f, nucleated red cell ; g, mitosis ; h, marrow-cell ; i, space in which there was 
fat. X 680, (After Bohm-D avid off.) 

l)y cellular proliferation. When, on the other hand, marrow is trans- 
formed into compact bone substance, the fat first disappears ; the remain- 
cells undergo proliferation ; the new cells, by assuming the form of 
i)one-corpifscles, produce a homogeneous intercellular substance which 
C(mdenses ; osteoid^ tissue develops. 

In physiologic and pathologic growth of bone the process 
exactly the same. Phy siologicly , a growth from different 

^ Osteoid tissue : bone-like tissue, t.e., a tissue consisting of bone-corpuscles 
-tnn homogeneous, but uncalcified basement substance, that is : bone minus lime. 
J mished bone develops from osteoid tissue by absorption of lime. 
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parts may be assumed, namely, frcnn cartilage and from perios- 
teum. Growth in width and length are differentiated. In flat 
bones the flat sides are covered with periosteum ; the cartilage is placed 
marginally. The margins correspond to the cartilage-covered ends of the 
tubular bones. 

Pathologic growth e membram causes thickening. Thickening of 
the compact cortic layer of a whole bone or of the greater portion is 
called hyperostosis; if the growth is limited to a small,, circum- 
scribed area and assumes a tumor form, the condition is designated as 
exostosis. The differences are purely external, i.e., quantitative; 
essentially, the process is the same. It is always the product of stimula- 
tion of the periosteum, of a periostitis ossificans. The same is true 
of osteophyte ( see p. 236 ) , an extensive, superficial, flat new forma- 
tion of bone which is distinctly distinguishable from hyperostosis and 
exostosis by the fact that in osteophyte the line of demarkation of the 
old bone is still recognizable ; in the others they are completely obliterated, 
bone and new formation merging into each other without demarkation. 
Osteophytes appear, as it were, superimposed, giving the impression as 
though they could be separated from the old bone. 

During ossification two layers of the periosteum can be distinguished : 
a dense external layer containing numerous elastic fibers, which does not 
participate in the formation of bone, and an internal softer, richly vascular, 
and cellular fibrillary layer. The new formation of bone begins with 
division of the cells lying next to the bone ; the new cells are at first rounrl, 
then become oval, and gradually extend parallel witfr the surface of tlie 
bone. The basement substance becomes homogeneous, more and more 
compact, cartilaginous (glistening, chondrin- and glue- yielding) ; the celb 
become a little smaller, assume the same serrated form as bone-corpusclcr., 
but as yet do not anastomose by their prolongations. This transition 
stage is designated as osteoid cartilage. Bone develops from this 
by the quite uniform infiltration of the intercellular substance with lime- 
salts, and the union with each other of the prolongations of the cells. This 
is ttihe ordinary process of development of bone from periosteum. 

Sometimes deviations occur, the proliferated periosteum being nor- 
mally transformed into osteoid cartilage and bone only in certain isolated 
localities, and the area between directly passing over into marrow-tissue. 
This marrow developed from proliferated periosteum without intermedi- 
ate stage and metaplasia is called primary marrow. The new-formed 
bone-tissue thus acquires a spongy character, has very small medullary 
.®a^ces and very thick trabeculae, is not ejjcactly spongiosa^ but only similai* 
spongaosa, and, therefore, is called qKmgioid. 
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This spongioid mass likewise is arranged in lamellae upon the 
compact bone. By absorption of lime-salts a pumice-stone-like, 
chalky substance develops, which, after the manner of sclerosis, 
condenses and indurates. This is known as osteophyte. It occurs 
very frequently in pregnant women — osteophyte gravidarum — and is 
generally situated upon the inner surface of the frontal bone. It is 
found quite frequently also in phthisical persons. By becoming compact 
it forms hyperostosis interna. This compact mass may change into a 
secondary spongioid mass by the occurrence of marrow-tissue at the 
place^ of the ossified bone-tissue. This state is called hyperostosis 
sponyiosa, 

Parosteal new formations of bone which blend with the hyperplas- 
tic periosteal formations and thus may contribute to the bulk of a bone 
are of heteroplastic nature, because they develop from the neighboring 
connective tissues (tendons, fascias, ligaments), which serve as a matrix 
for the tela ossea only under very especial conditions, c,g., in fracture. 

Fracture of bone may be total, fractura complcta, both the perios- 
teum and marrow undergoing a Uesio continui, or partial, a so-called 
infraction: fractura incomplcta, in which either the periosteum or 
even the bone cortex is uninjured at certain points. Young, flexible 
bones are more disposed to infractions than older, brittle bones. In all 
cases the stale of the bone, the causa interna, is of decided im- 
portance. In fracture there is always, however, also a causa externa, 
the effect of violence. Even in spontaneous fracture ( e.g., in old 
age) the bone lyrtaks only as a result of force, be it ever so slight, e>g,, 
on turning in bed. Between fractura complcta and incomplcta lies the 
fissure, i.e., a separation of continuity without displacement of the ap- 
posed parts, so that a deformity is not noticeable from without. Dis- 
location of the fractured ends occurs only in complete 
fracture. I;rom this an oblique direction, a kind of angular po- 
sition, generally results, and at the same time shortening of the 
broken limb. If one end penetrates outward through the soft parts, a 
compound complicated fracture develops. /. When several or 
numerous bone fragments are set free on breaking of a bone, the 
condition is called splinter (comminuted) fracture, in which, 
as a rtile, decided displacement of the small fragments and of the 
principal fractured ends occurs. In union of the fractured ends only 
the surrounding soft parts participate, but not the tela ossea. Re- 
union (regeneration) occurs through myelogenous, periosteal, 
^nd parosteal proliferation. A tissue, callus, which sometimes 
becomes bone : callus osseus, sometimes fibrous : callus fibrosa, develops. 
By callus is generally understood bony callus, although callus signifies 
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caliosity. The fractured ends are regularly inclosed completely by 
callus (see Fig. 475) ; the opened medullary (marrow) cavity closes by 
callus formation at the point of fracture. Excessive development of 
callus produces the condition known as callus luxutians. 

In every fracture hemorrhage occurs between the fractured 
ends. The blood coagulates at this point and often interferes with heal- 
ing. The blood-corpuscles are dissolved; the fibrin hardens and some- 
times takes a passive part in the new formation of connective tissue, be- 
ing substituted by proliferating tissue. That portion 
of the callus which lies between the broken ends and 
interrupts the medullary canal is called callus intcrnus; 
that which proceeds principally from the periosteal 
tissue is called callus externus. 

After a time the callus begins to grow smaller by 
absorption; this occurs very slowly. The at first 
spongioid callus becomes more and more dense 
and assumes the consistency of bone. In the interior 
a kind of osteoporosis begins ; small marrow- 
spaces occur, which slowly become larger and finally 
coalesce. Thus, little by little, a continuous medullary 
space is re-established. If the fracture heals in an 
angular position, the new marrow canal does not take 
an angular, but always a curved course, marrow sub- 
stance developing from part of the old compact bone- 
tissue. 

In amputations first a periosteal, then 
a myelogenous, callus forms in an entirely 
analogous manner, which results in closure of the 
opened medullary canal. 

In callus fibrosus only fibrous and^not bony union 
of the fractured ends occurs. That is almost always 
the case in fracture of the patella, because the patella has only a few 
blood-vessels, and above and below strong tendons which pull the frac- 
tured portions asunder. The ossa innominata and scapula generally heal 
by callus osscus; on the other hand, fractures and fissures of the 
skull usually heal by callus fibrosus; the bone wounds of trepanatio 
cranii likewise heal by fibrous callus or by an incomplete osseous callus. 

Depressions of the skull involve either the external table alone or 
both the internal and external at the same time. In both cases concus- 
rion of the brain may occur. 

Fractures of cartilage (of ribs, larynx, intervertebral cartilages) 
almost always heal by fibrous callus. An external osseous 



Fig. 475.— Five- 
week-old fracture 
of the right hu- 
merus of a rachitic 
child years of 
age. (After Lan- 
get bans.) 
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calltis, which develops from the perichondrium, is also frequently 
formed. 

Sometimes a kind of joint develops at the point of fracture, a cleft 
being produced : pseudoarthrosis. This occurs most frequently in 
fracture of the neck of the femur with marked dislocation of 
the fractured ends. This fracture of the neck of the femur is very fre- 
quent in old people without the action of strong force (spontaneous frac- 



Fig. 476. — Fracture of the neck of the left femur and trochanter major with 
dislocation, >J'oman aged 67 years. % natural size. (After Langerhans.) 

ture). The cortic substance of the head and neck of the femur is so 
brittle in old age, because of weak nutrition, that ijt frequently can be 
crushed with the finger. 

In the spongious bones there usually develop not one fracture, 
but sevsral fractures, which destroy the spongiosa. Healing occurs 
by approximation and consolidation of the fragments. This form of 
fracture has its classic seat in the bones of the spine: fractura vertc- 
hrarum. During life the latter is easily confounded with fracture of 
the intervertebral disks, this may occur through simple ex- 
tension of the spinal column; it seldom involves the whole cartilage, 
usually has an oblique direction, and often extends into the vertebral 
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Fig. 477. — Fractura sanata vertebrae lunibalis primae cum dcviatione (con- 
nective tissue, nonbony union). Death sixteen months after accident from 
transverse myelitis at the level of the first lumbar vertebra. F, fragment of 
the first lumbar vertebra; between this is connective tissue. % natural size. 
(After Lang er bans.) 




Fig. 478. — Fractura cartilaginis intervertebralis sextse cervicalis cum 
deviationc column^e vertebralis cervicalis. Death from transverse myelitis 
twelve days after accident. C. M., location of compression myelitis of the 
sixth intervertebral disk; a is the smaller anterior portion; p, the posterior. 
The latter protrudes as a thick ridge into the spinal canal. The upper 
portion of the cervical spinal column is displaced forward half the width of 
a vertebral body. As a result the spinous processes of the sixth and seventh 
cervic vertebrae are widely separated. % natural size. (After Longer bans.) 
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I'ig. 479. — Rickets. Longitudinal section through the ossification junc- 
tion of the upper diaphyseal end of the femur of a l-year-old child suffering 
from rachitis of moderate degree, a, unaltered hyaline cartilage; h, cartilage 
the first stage of proliferation; c, zone of proliferated cartilage cell col- 
umns; dj columns of proliferated hypertrophic cells; e, vessels located in the 
cartilage; with fibrous "marrow-tissue ; /, decalcified cartilage-tissiie ; g, osteoid 
tissue; h, remains of osteoid tissue in cartilage-tissue ; i, trabeculae of osteoid 

fully formed calcified bone-tissue; I, fibrocellular marrow-tissue. (After 
^^egler,) 
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bodies. As these fractures also ramify, displacements of the whole spinal 
column develop, most frequently kyphosis. 

In every severe fracture of the vertebrae a fractura comminutiva, a 
conquassatio, generally develops as a result of several synchronous and 
continuous fractures. The fragments are compressed; a depression in 
the anterior segment thus results. In the event of healing by sclerosis 
there is no external callus formation. Diminution of the size of the 

vertebrae is always associated with reduction in size of the whole body. 

Longitudinal growth of the long bones occurs per appositionem from 
the intermediary and articular cartilage. Growth ceases with destruction 
or premature ossification of the cartilage. In the pelvis there are five 
layers of cartilage from which ossification takes place: (1) symphysis 


M B 



Fig. 480. — Section through a normal and a rachitic rib. A, normal rib; 

B, rachitic rib; K, resting cartilage; W, zone of prolifefn^-ion of cartilage; 

V, zone of calcification; os, osteoid tissue. X 6. (After Smaus.) 

ptihica; (2) right and left sacroiliac synchondrosis; (3) right and left 
ilcopubic synchondrosis. 

Rachitis, 1 rickets, English^ disease, is not a disease of the bone, 
but of that tissue which should be transformed into bone. In the great 
majority of cases, this disease of the early years of life is a local phe- 
nomenon, since only certain sections of the osseous system are affected. 
Thus, the head may be affected without involvement of the lower ex- 
tremities; the thorax without involvement of the pelvis. The changes 
are most distinct in the bones developing from cartilage. ^ Here arc 
noticed, for example, at the zone of ossification of the costal cartilages, 
cartilaginous swellings which are generally only palpable, but in lean 
children are also visible. This swelling generally extends over all carii- 
lagino-osseous zones of the ribs ; therefore, forms, as it were, a chaplet : 

1 Rachitis has nothing to do with /wtx« (spinal column) ; it is derived freiu 
rickets; is, therefore, written also without h, 

® So-called because the first observations were made by English physicians. 



Fig. 481. — Rachitis. Fresh section from the costocartilaginoiis junction 
of a rib. 1, resting cartilage; 2» beginning proliferation; 3, proliferation 
arranged in columns; 4, coalescence of basement substance; 5, osteoid sub- 
^ance; 6, developed spongiosa mixed with osteoid substance. (Zeiss, a 2 ; 
Comp. Octal, 4. After Langerhans,) 
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the so-called rickety rosary, pater noster rachiticus. The swollen 
cartilage consists of young cartilage-cells developed as a result of ex- 
cessive proliferation, and has a bluish, translucent appearance. The 
deficiency of intercellular substance is the cause of the flexibility of the 
cartilage. In the long tubular bones also the epiphyses may be consid- 
erably swollen by intense proliferation of cartilage. 

In the normal growing bone the following zones are distinguished 

at the cartilagincKOsseous junction:— 

1, ordinary articular cartilage; 

2, proliferated cartilage; 

3, zone of preliminary calcification; 

4, mixed zone of bone trabeculae and marrow: spongiosa. 



Figi, 482. — Rachitic costal cartilage. Small part from section 6 of Fig. 

481. Osteoid substance. Incomplete calcification of the. osseous trabecula:. 

(Zeiss Apochr., 16; Comp. Ocul., 4. Reduced After Langerhans.) 

In rachitis, besides excessive proliferation and defect- 
ive deposition of lime, there are observed retardation of meta- 
plasia and a chronologic, and, accordingly, also a local, irregular- 
ity in the transformation of the four normal layers. 
The sequence of development is not preserved; calcified cartilage parts, 
marrow parts, and spongiosa lie adjacent to and intermingled with each 
other apparently without order. The uppermost layer of the spongiosa 
is very compact, spongioid. Thereupon follows the true spongiosa. The 
spongioid layer contains very slight amounts of lime-salts; osteoid 
cartilage has developed out of cartilage. 

The same change occurs in transformation of the periosteum into 
bone-tissue, inasmuch as the external, newly formed lamellae do not be- 
come firm, but consist of osteoid substance. At the same time the com- 
pact tela ossea in the tubular bones, owing to progressive formation of 
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manroW-^cc, is gradually thinned from within outward, at the junction 
with the bone-marrow, by transformation of the inner, firm bcme lamette 
into bone-marrow tissue. If the externally deposited lamellae became 
firm, the bone would acquire its old consistency. The lamellae do not, 
liowever, become firm, are only incompletely provided with lime-salts, 
remain comparatively soft and flexible; hence, the thickness' of the firm 



Fig. 483.— Lateral spinal curvature (S-shaped scoliosis). (After Sheffield.) 

ossea gradually diminishes until only a thin, slightly resistant layer 
’^^mains. < Hence, the curvatures which develop are not, as a rule, 
^^^xions, but infractions or fractures. (See Fig. 475.) After 
lealmg a sharp, prominent, bony ridge, which serves as a support for 
Hie bone, i$ seen on the concave surface. 

Upon che thorax there is sometimes found in rachitis an incurvature 
depression of the ribs close to the osteocartilaginous junction. This 
due to local deficiency of lime-salts in the costal bmes (the dcfi- 

58 
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ciency of lime-salts is usually most marked alongside of the osteocarti- 
laginous junction externally) and abnormal flexibility: flexibUitas cos- 
tarutn, thus caused. Its occurrence is due to the fact that on movement 
of the thorax in breathing the flexible parts follow the inspirations less 

than do the remaining portions of the thorax. This, may be explained 
by the fact that the intercostal muscles increase the thoracic space by 
elevating the ribs ; the air in the chest cavity — the lungs — is thus rarefied, 
so that the pressure in the thorax is less than the external air pressure. 
The difference in pressure is equalized by flow of air into the lungs (in 
inspiration). When for any reason, e.g., by a bronchitic exudate, inspira- 
tion is rendered difficult or hindered, the difference in pressure is aug-^ 
mented ; this favors incurvation of the ribs, since, owing to the stronger 



Fig. 4S4. — Incurvation of the ribs at the costocartilaginous junction in 
rachitis. y 2 natural size. (After LangerhOn^,) 


external air pressure, the very flexible and yielding, parts of the ribs fol- 
low inspiratory movement, elevation of the ribs, and widening of the 
thorax only to a diminished degree. The incurvation of the ribs is 
followed by protrusion of the sternum. A deformit3r of the thorax, 
which is generally designated as chicken - or goose- breast: fer- 
tus gallinaceum, is thus produced. In other, rarer cases a funnel-shaped 
depression of the lower half of the sternum occurs, giving rise to so- 
called funnel chest. 

The rachitic changes in the skull are usually most decided 
in the region of the points of ossification. The region of the.lambdoid 
suture is generally the most markedly altered. Soft, very vascular perios- 
teal proliferations develop, which correspond to periosteal proliferations 
of the tubular bones. Since with progressive growth the tela ossea is 
absorbed from within outward, no new compact bone forming externally, 
the firm tela ossea finally disappears. If at last the soft, osteoid masses 
also undergo absorption as a result of pressure (upon the occiput in 
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dorsal attitude), defects, losses, which are closed only by membranes 
develop in the cranial vault. These occur first as small fenestra in the re- 
gion of the impressiones digitatec. This disappearance of compact bone 
is designated craniotabes. Further characteristic changes of the rachitic 

skull are the wide, open fontanelles and the marked, somewhat prominent 
bulging of the forehead. 


In rachitis of the pelvis the con- 
juyatawra is shortened, while the transverse 
diameter is increased, because the caput 
fcmoris presses upon the iliopubic synchon- 
drosis and (in small children who attempt to 
walk too soon) produces an incurvation which 
gradually increases and finally results in nar- 
rowing of the pelvis : f 1 a t r a c h i t i c or, 
tersely, rachitic pelvis. The sacroiliac 
synchondrosis jnishes the pelvic parts asunder 
laterally and causes enlargement of the trans- 
verse diameter. 

Genu valgum and genu varum are in a 
measure connected with these changes, be- 
cause they are partly due to rachitis. In nor- 
mal position of the legs, the hip,- knee,- and 
ankle- joints lie atovc each other in a vertic 
line, the thigh and leg forming a straight line. 
In genu valgum^ knock-knees) the 

knee deviates inward from the vertic line, so 
that the thigh and leg form an angle oj>ening 
outward. Genu 7’algntn infantum and adolcs- 
centium are differentiated. 1'hc former is 
always caused by rickets; the latter Mikulicz 
attributes to so-called late rickets. Genu 7’al- 
(Jim is frequently associated with pcs valgus. 
In genu varum (O-legs, bow-legs) the knee- 



Fig. 485. — Rachitic sco- 
liotic skeleton. {Grandin„ 
Jarman, and Marx.) 


joint deviates outward from the vertic line and the thigh and leg form an 


single opening inward. In most cases this change also is caused by rickets. 

As a result of a fetal inflammation of the primordial cartilage: 
chondritis foctedis, the longitudinal growth of the tubular bones may be 
interrupted. This change is called congenital rachitis, although it 
"^lightly resembles rachitis only in outward appearance. The tubular 
bones are markedly short, thick, and often bowed, the epiphyses swollen 
through proliferation (but not in chaplet arrangement) of the embryonal 
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cartilage cells. Between cartilage and bone there is a narrow layer of 
striated connective tissue which prevents further longitudinal ^owth. 
Premature synostoses often occur in the skull. There is marked pro- 
liferation of the panniculus adiposus, and the skin lies in fc4ds. 

Mocllcr-Barlow's disease {ostcotabes infantum) is an affectiem of 
artificially nourished children, characterized by bloody suffusion of the 
gums ; hemorrhages into the skin, kidneys, mucous membranes, the bone- 
marrow, and beneath the periosteum ; pains and swellings in the lower ex- 
tremities and occasionally of the skull; arrest of development, porosis; 
tendency to fractures, infractions, and displacements of the bones., espe- 
cially at the ends of the epiphyses. A pathologic state of the bone-mar- 



Fig. 486. — Flat rachitic pelvis (mild grade). 


row, which is transformed into a finely fibrillated reticular tissue poor in 
cells and vessels, is the essential change. The thus caused defective 
formation of bone by osteoblasts and the disturbed endochondrial ossifica- 
tion, due to deficient vascularization, are accompanied by an active resor])- 
tion, which explains the craniotabes and frailty of the bohes. 

K. Kasper^ describes 3 cases of this affection. A milk depot which dispensed 
milk for infants sterilized the milk once for from twenty to twenty-five seconds at 
100° C. All three infants had been nourished for months exclusively with this 
milk. Microscopic examination of the urine for blood is of importance in diag- 
nosis. If pain and swelling of the epiphyses arc predominant, the local findings d«^ 
not suffice; on the contrary, the child should be thoroughly inspected, for m 
such cases an erroneous diagnosis of osteomyelitis or periostitis leads to ineffectu.'d 
operative procedures, the disease steadily progressing. Syphilis produces simil«n‘ 
manifestations in the epiphyses of the tubular bones. Liability of confusion will’ 
rachitis is very great. The therapy, which must be antiscorbutic regulation of tiic 
diet, is very effective in spite of its simplicity. 


^ EHe Heilkunde, Nov., 1910, 
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<^ltque (Naegele's) pelvis develops independently of rachitis after 
affections of the lower extremities, e.g., of the knee-joint, and very fre- 
quently also after coxitis and is then called coxalgic pelvis. Pre- 
mature synostosis of the sacroiliac synchondrosis of one side also leads 
to the formation of oblique pelvis, so-called obliquely contracted 
pelvis, while premature synostosis of both sacroiliac synchondroses 
produces transversely contracted (Robert's) pelvis. 

Curvature of the spinal column is called kyphosis, gibbus, 
humpback, when the convexity is directed backward ; lordosis 
when the convexity is directed forward, and scoliosis when the con- 



487. — Obliquely distorted i>elvis of Naegele. 


vexity is directed toward the side. The lateral excursions are almost 
always associated with compensatory excursion toward the 
opposite side in another portion of the spinal column and frequently also 
with forward or backward curvatures. The latter condition is called 
kyphoscoliosis, etc. The origin of kyphosis is generally different 
Irom that of scoliosis and lordosis, of which the latter is least frequent. 

Ky^osis forms either an arched or an acute angle, most frequently 
in the region of the dorsal vertebrae. Arch-shaped kyphosis is an in- 
nease of the normal curvature of the spinal column, and develops chiefly 
ni advanced age as the result of muscle weakness and atrophy of 
vertebrae. Acute-angled kyphosis (gibbus) is almost always the product 
tuberculous spondylitis {caries vertebramm) , In this condition por- 
tions of the vertebrae or whole vertebrae are often destroyed. If arrest 
occurs, synostosis of several vertebrae may result. (See Fig. 488.) 
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Lordosis affects, as a rule, the lumbar region of the spinal column, 
constitutes a compensatory phenomenon in kyphosis of the dorsal verte- 
brae, occurs in pelvic changes due to rachitis and in luxation of the heads 
of the femurs, and is rarely observed as an independent affection. 

In scoliosis the question is one of rotation of the spinal 


vertebrae around the long 



Fig. 488. — Kyphosis of the tho- 
racic vertebral column from caseous 
tuberculous periostitis and osteo- 
myelitis, in a child of 8 years. De- 
struction of three dorsal vertebrae. % 
natural size. (After Langerhans.) 


axis of the spinal column. 
Here there is no question of joints, 

for there are no joints in the spinal 
column, but only soft, flexible car- 
tilaginous disks, which, within cer- 
tain limits, permit axial rotation 
and shifting. So-called habitual 
scoliosis is said to result from 
abnormal positions of the spinal col- 
umn (in consequence of habit, occu- 
pation, exercise, etc.), very gradual 
change taking place in the form of 
the spinal bodies. These become 
lower, especially upon the concave 
side, and higher and thicker upon 
the convex side, so that section no 
longer corresponds to a quadrant, 
but to a trapezoid with deej) inden- 
tation u])oii the sKprter side. These 
changes of form arc secondary and 
referable to new growth (prolifera- 
tion) and absorption, not to pres- 
sure. Tn persistent siiperimposition 
of the vertebrae withput cartilaginous 
interstitial substance, synostosis 
of the vertebral bodies may 
occur. Habitual scoliovsis begins in 
the 6th to 8th year. (See below.) 


Since the beginning of the present century it has been established, according 
to M. Boehm,! that congenital disturbances of the spine play an important role in 
the etiology of juvenile spinal curvatures. Very frequently congenitally estab' 
lished skeletal defects do not become manifest until later in life. For exampUs 
partial congenital defect of the radius with preservation of the ulna, if not vcr\^ 
marked, may produce no striking alteration in the form of the lower arm at the 
time of birth; when, however, the child grows the ulna grows normally in tb.' 
abnormal arm, while growth of the radius is retarded. The result is a deformity 


^Jks Kinderarzt, May, 1911, H. 5, p. 99, 
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of the am and hand, which gradually becomes more and more marked. Compare 
this with a slight anomaly of the spine, e.g., a congenital adhesion of the arches of 
two thoracic vertebrse on only one side of the spine. In the newborn such an 
anomaly is unimportant as regards the form of the thoracic skeleton. Later, how- 
ever, growth begins, of necessity unequally. The healthy side of the spine de- 
velops normally ; the coalesced side is retarded in growth. Now function is added 
(upright posture, weight burden, movements), meeting on one side normal con- 
ditions, on the other abnormal resistance : the symmetry of the spine is disturbed. 



Fig. 489. — Gibbiis from chronic caseous spondylitis. Synostosis of dorsal 
vertebrae V-VII and of the spinous processes. At * old caseous focus. 
\\onian aged 27 years. % natural size. (After Langerhohs.) 

Compensatory efforts are established and cause new deviations of the spine, and 
iinally thc^completed picture of scoliosis is slowly evolved. The primary cause was 
the congenital unilateral adhesion of the vertebrjE: secondarily mechanic agencies 
entered ; both components acted hand in hand with growth and finally produced dis- 
tortion of the trunk w^hich, in its original insignificance and insidious, symptomless 
development, remained undetected until, sooner or later, generally in the school 
period, the scoliosis was discovered by the specialist. The cervic ribs, so fre- 
quently observed in scoliosis, are not the direct cause of the congenital scoliosis, 
jut only in a measure a sign that other congenital alterations, which produce the 
enormity, are present in the thoracic skeleton. 
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The congenital moifhologic anomalies of tiie ^ne are not, suxording to 
Putti.t accidental, but typic, morphologic forms which in the various examples 

always ar« repeated with characteristic phenomena, for which reason they must be 
referred to a primary and constant anlage. This elementary structural design is 

dependent upon the primitive form of the spine, which is to be regarded as an 
Allegation of united, but geneticly and morphologicly independent parts. If it is 

assumed that this or that part or several parts do not develop or are arrested in 
development, while the others progress toward the definite form, the various mor- 

phologic combinations will originate and always correspond to constant types. 
Putti gives as an illustration of this a “t3rpe spine,” and further considers, in so far 

as his personal observations go, the anomalies which may originate from it in the 
manner stated. He shows that the deformity may affect the vertebrae dr their 
arches. Of the anomalies of the vertebra and their relation to adjacent parts, Putti 
gives a schema needing no description. The congenital deformities of the dorsal 
vertebrae (arches with appendages) could be sketched in a similar manner. 

In addition to this group of congenital deviations of the individual vertebrae, re- 
cent research has acquainted us with developmental defects which disturb the regional 
structure of the thoracic skeleton, namely, the phenomenon of so-called numeric 
variation of the thoracic skeleton (Bohm, 1908). At a certain very early stage the 
embryo possesses an axial column the individual segments of which are indis- 
tinguishable. At a relatively later stage of development (sixth week) the uppermost 
axial segments have become the cranium, the next seven the cervic vertebrae, the 
next twelve dorsal, the next five lumbar, etc. In contrast to these t 3 rpic differen- 
tiations of the axial skeleton, deviations may occur. Differentiation may so progress 
that, e.g., the segment which normally becomes the atlas is included in the skull. 
In analogous manner the vertebra which regularly represents the seventh cervic 
vertebra may, for example, be differentiated as the first dorsal. The same holds 
good for each segment of the spine: they may assume the form which their 
neighbors, whether cranial or the caudal, normally have. The \\bole thoracic skele- 
ton can undergo such an alteration and with a certain degree of regularity. We 
then see a structure of the thoracic skeleton as illustrated in the schemata here 
given. Whoever is familiar with the developmental history of the thoracic skeleton 
knows how independent of each other both sides (right and left) of this organ are. 
Thus, numeric variation also may lead to asymmetric differentiation of the thoracic 
skeleton, if, for example, the segments upon the left side manifest assimilation with 
their neighbors — in one or another sense — while the right side remains normal. In 
such cases the asymmetric structure of the thoracic skeleton may lead to scoliosis 
in the dorsal or lumbar region. Total metamorphosis of a vertebra (including 
ribs) into its neighbor, of course, almost never occurs; rather assimilation forms 
of lower degree {e.g., synostoses of the atlas with the occiput, last cervic vertebra 
carrying ribs, first dorsal vertebra with ribs) occur. It must be emphasized, how- 
ever, that not assimilation or transitional vertebrae, but defective structqrc of th(‘ 
Aoracic skeleton or of a section of the same, leads to deformity. The cause of the 
morphologic anomalies of the individual vertebrae as well as of varying differentia- 
tion of the thoracic skeleton is obscure. Putti denies mechanic as well as path- 
ologic explanations for the morphologic anomalies, inclining rather to interprel 
them on an embryologic and phylogenetic basis. The varying differentiation of the 
structure of the thoracic skeleton originating through numeric variation has already 

^Portichr. auf. d. Gcb. d. Roentgenstr., Bd. xiv, xv. 
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been cefflceived by Rosenberg as a fluctuation around the normal, as “oscillations” 

in the line of phylogenetic development If we add those scolioses which originate 

through abnormal pressure in the uterus, we have the following groups of con- 
genital curvatures of the spine 

1. Scolioses due to intra-uterine influences. 

2. Scolioses due to morphologic deformity of the individual vertebrae. 

3i 9«oitioses due to variation in differentiation of the thoracic skeleton. 

In addition to congenital conditions, rickets is of especial importance in the 
causatwa of spinal curvature, and may affect the form of the spine in Aree ways 

1. %y curvature (or infraction) of the vertebra in a sagittal direction, espe- 
cially fh the middle portion of the spine. The lumbodorsal rachitic kyphosis thus 
produced is extremely common and is the cause of the great majority of “round” 
or “flat” backs so frequently observed in school children. 

2. The curvature of the rachitic spine may be diagonal ins^ad of sagittal. 
Here, again, the lower dorsal and upper lumbar portions are principally involved. 
Examination of a number of school children with right-sided scoliosis in the lower 
dorsal region has shown that in numerous cases the latter develops from rachitic 
lumbodorsal thoracic kyphosis. 

3. Rachitic softening of a large portion of the spine causes the latter to sink 
in. Compared with the two first forms of rachitic deformity, in which the process 
is principally an affection of the vertebrae, this last group is characterized by 
alteration of the vertebral arches. While in the two first groups there is quite 
angular scoliosis, generally of mild degree and usually located in the lumbodorsal 
region, the scolioses resulting from collapse of rachitic vertebrae are arch-shaped 
and accompanied by marked torsion, and therefore generally induce marked curva- 
tures situated in the dorsal or lumbar region or both. 

The conclusions to be drawn from the advance in the teachings of the 
origin of scoliosis ^may be briefly formulated as follows : — 

Although there is a comparatively small percentage of spinal curvatures the 
origin^ of which still is obscure, where roentgenology and anatomic knowledge give 
us no aid, the elucidation of which, however, is probably not far distant, it may now 
1)0 stated that vertebral curvatures in childhood are chiefly due cither to con- 
f^enital or rachitic disturbances. So-called habitual or school scoliosis, or the 
assumption that fxed vertebral curvature, i.e., such due to osseous alterations, 
originates as the result of the action of purely mechanic conditions in an a ^nori 
normal and healthy skeleton, can no longer have place in modern orthoipcdk science. 

In club-foot (see p. 200) there is a deformity which* viewed 
externally, gives the impression of mechanic displacement. In this con- 
dition the external margin of the foot and, in advanced stage of develop- 
^nent, tllh dorsum of the foot are turned downward : pcs varus. The 
displacement of the articulating parts occurs as the result of traction of 
ecTtain grotips of muscles, scldomer as a result of shortening of 
the ligaments or strong cicatricial retraction. Two stadia are distin- 
guished: (1) change in position of the joints, which is still within physto- 
iogic limits,; here the configuration of the bones is still preserved, and 
(2) diat^es in position associated with alterations in the configuration 
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of the bones. Only the latter can be considered to be the resnlt of 
pressure ( ?). 

In flat-foot, pes valgus, the inner margin of the foot touches the 
ground; here the dorsum of the foot is turned more upward, and the 



Fig. 490. — Top view of the fetal skull showing the anterior fontanelle and 
the frontal, coronal, and sagittal sutures. (Grandin, Jarman, and Marx,) 


arched planta pedis flattened as a result of relaxation of the ligaments 
{pes planus). 

As in hallux valgus, subluxation of the great toe (see p 
238), abnormal articulations develop in advanced degrees of ctub-foot, 
and also in mild degree in pes valgus. In this condition various depres- 
sions and marginal elevations develop, which are not to be interpreted 
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as simple mechanic displacements, but as absorption processes or new 
formations. 

In growth of the flat bones of the skull the sutures and 

both synchondroses at the base in the long axis of the atlas are to be 
considered. The sutures are, on the whole, of connective-tis- 
sue nature, provide the material for the surface growth of the cranial 

bones; hence, take the place of the .synchondroses of the pelvis. The 

intersphenoidal synchondrosis is closed 
at birth, while the sphcno-occipital 
synchondrosis remains open until the 
20lh year. Both synchondro.ses may, 
by too early ossification (p r c m a - 
ture synostosis), constitute an 
obstacle to the growth of the cranial 
base. In order to obtain an idea as 
to the length of the cranial base, the 
distance of the foramen occipitalc 
maynum from the point of junction 
of the nose with the sutura naso fron- 
talis is noted. If this mcastire re- 
mains too small in consequence of 
premature synostosis, the peculiar 
Ijliysiognomy of the cretin results. 

Growth of the flat.bones of the cranial 
vault always occurs perpendicular to 
the line of the suture. Dispropor- 
tionate growth of the individual bones, 
as well as premature .synostosis of the 
sutures, .influences the form of the 
bead. ^ 

Excessive growth of the suture substance is always dpe mechanic 
conditions. In rapid increase in the size of the cranial cavity/traction 
is exerted upon the suture substance; this docs not lead to sirhple dis- 
tention, but acts as an irritant and causes proliferation, increase of 
tlie sutui^ substance. The earlier this pressure and traction are exerted, 
tbe earlier broadening of the suture substance, diastasis of the bones, 
^ievelops. In this manner an increase of sub.stance capable of ossification 
<^ccurs in hydrocephalus. (See p. 614.) In pathologicly dilated 
fi>ntanelles independent, island-like bone formations frequently occur: 
ossa fonticularia, fontanelle bones, Wormian bones; these are observed 

in dilated sutures : ossa inter calaria, intercalary bones. 



Fig. 491. — Hydrocephalic 
skull. Widely gaping fonta- 
nelles and sutures. natural 
size. (After Langerhans.) 
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In ossification of the sutures three possibilities must be 
differentiated: (1) normal synostosis (of the frontal suture, etc.) ; 
(2) senile synostosis, synostosis tarda, through which the skull is 
rendered immovable and very rigid, but otherwise uninfluenced; (3) 
synostoses which prematurely terminate growth at the locality in 
question, and, hence, correspond to an undoubted pathologic condition. 

Premature synostosis of the sagittal suture causes narrowing of the 
skull and compensatory elongation, when the coronary and lambdoid 
suture is preserved : dolichocephalus, long head. This form, 
however, occurs also independently of ossification of the sagittal* suture 
as a racial peculiarity, and, therefore, is not always due to premature 
synostosis. Premature synostosis of the coronary suture causes shorten- 



Fig. 492. — Malacosteon pelvis. (After Leiishman.) 

k' 

iftg and eventual broadening of the head: brachycephalus, short 
head.^ Premature synostoses generally begin in the 5th or 6th year. 
When compensation is not possible, mental derangements usua|ly occur. 
The normal capacity of the skull varies between 1100 c.%. and 1600 c.c. ; 
smaller and larger dimensions are pathologic. 

Osteomalacia is a disease of developed bone and is most frequently 
observed in connection with the puerperium, sometimes in old age, sel- 
dom in young individuals. It is more frequent in females than in males. 
It consists in a progressive transformation of compact 
bone-tissue into marrow-tissue, the tela ossea being previ- 
ously deprived of lime-salts. Accordingly, osteomalacia is a process 
which possesses a certain resemblance to osteoporosis. The pro- 

I Other quite frequent anomalies are: plagiocephalus: oblique skuK 
(from unilateral synostosis of the coronary or lambdoid suture) ; pachy- 
e e p h a 1 u 8 : thick head (synostosis of the lambdoid suture) ; hypsicephalU ’ 
Of oxycephalus: pointed head (synostosis of the lai^doid suture and ol 
the occipitomastoid suture). 
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Fig, 493. — Right femur sawed through the middle, from a child 7 weeks 
old. Natural size. The lower end of the diaphysis forms a sequestrum (s) 
which is loosely connected above with the middle segment of the diaphysis by 
a granulation layer (g). The sequestrum lies in a pus-filled cavity formed by 
an inner granulation layer, an outer new-formed bony shell (/) produced by 
periostebl prolif#ration, and partly also by the cartilage (k) which is firmly 
united with the bone (/). The bony shell has two large, smooth-walled open- 
ings (/>! and />2), which communicate with fistulous tracts. ^Jn the middle por- 
tion of the diaphysis is a small pus-filled cavity (h) which on one side com- 
municates with a fistulous tract and on the other with an extensive purulent 
destruction of the upper third of the femur. The upper third of the femur is 
almost completely destroyed. The union of the trochanter major (/) with 
the middle third is established essentially by new-formed periosteal osseous 
proliferation (w^ and w'^). At f is a fracture within the new-formed bone, so 
that the whole upper third is freely movable against the middle. The head 
and neck have completely disappeared; the articular cartilage of the head 
comparatively well preserved, is at the same level as the trochanter 
major. Iti the middle third of the diaphysis new-formed compact bone 
lamellae and arc seen upon both inner and outer surfaces of the 
compact bone. (After Langerkans,) 
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gressive formation of marrow-space leads to increasing 
diminution of the compact substance ; as soon as only a thin layer* of 
bone remains, a high degree of fragility occurs: fragilitas ^ossium {ftexi- 
bilitas cerea). Numerous infractions of the tubular bones, the 
vertebrae, the sternum, the ribs, and eveni of the cranial bones develop. 
When the marrow is red, the process progresses as an inflamma- 
tory condition with fever and great pain; when it is yellow, the 
inflammatory phenomena are lacking and the condition is more of a 
senile process. In the pelvis the iliopubic and sacroiliac synchon- 
droses are pushed toward the center of the conjugate by pressure. of the 
spinal column and of the thigh, while the symphysis protrudes in beak- 
shaped form: osteomalacic or malacosteon pelvis. (See 
Fig. 492.) 

Acute purulent processes of the bones start from the periosteum 
as purulent periostitis or from the bone-marrow: purulent 
osteomyelitis. The yellow bone-marrow is always transformed 
into red marrow. In the periosteum the suppuration always begins in 
the internal layer and rapidly leads to accumulation of pus between the 
periosteum and bone and to elevation of the matrix from the compact 
cortic layer. When the pus collects in a closed focus in the bone-marrow, 
the quite rare bone abscess develops. Such a bone abscess has a 
separate, smooth wall, which shuts it off from the bone-marrow. This 
wall is a newly formed granulation layer and, therefore, is called gran- 
ulation membrane. Periostitis as well as osteomyelitis may occur 
independently or coexist. Periostitis frequently ext’eoids also to the 
parosteal tissue. 

Whenever suppuration destroys the periosteum and comes in direct 
contact with the compact bone, the bone-tissue dies. If a large portion 
of bone is deprived of periosteum and thereby of its matrix (of the 
afferent vessels) by suppuration, the section of bone bec®mes necrotic 
en masse without alteration of its external form :bonenecrosis. A 
peripheral and an internal, central necrosis are distin- 
guished, according as the dead piece lies at the periphery or at the center. 

The term caries is likewise employed to designate a necrotic proc 
ess in bone accompanied by suppuration (caries purulenta), in which, 
however, the dead bone itself or parts of it is not found, because the 
dead material is at once dissolved, molccularly destroyed, the bone beine 
dissolved in its cell territories under the influence of pus^ (degener- 
ative ostitis). Carionecrosis stands midway between caries an<l 
necrosis; in this process small dead-bone trabeculae and splinters arc 

1 Caries sicca develops without suppuration, as a result of ffummatous prolifcrr*- 
tion. (See p. 546.) ^ 
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cast for example, in the spongiosa. In its first stages bone necrosis 
is scarcely recognizable, but when a line of demarkation has 
formed it offers no difficulties. After long duration the surface of 
necrotic sections of bone is always smooth, while the carious surface 
{caries peripherica) of living bone is always rough. 

In necrosis an ossification layer which becomes an involucrum 
always develops at the line of demarkation, i,e,, when the process 
has become limited. The dead, completely detached portion of bone is 
called sequestrum; the pus cavity in which the sequestrum lies, the 
cloaca pr capsula sequestralis. When the sequestrum is small and located 
in the depth, it may gradually be absorbed, or a sort of capsule forms. 
When, however, the sequestrum is somewhat larger or lies more super- 
ficially, the pus is discharged externally. In the neighborhood of the 



Fig. 494. — Beginning asbesloid degeneration of a costal cartilage. Fibril- 
lation of the basement substance. Fresh preparation. Reduced (After 
Langerhans.) 

« 

purulent foci new formation of bone always occurs, which may develop 
from the periosteum as well as from the interior of the bone. 

Purulent inflammations of bone develop as the result of the entrance 
of micrococci (especially streptococci and staphylococci) into the bone 
(periosteum or Ijpne-marrow ) . 

The changes of the cartilage are active as well as passive; 
the active are nutritive and formative. The formative are confined 
essentially to hyperplasia. Exudative processes cannot originate from 
cartilage, owing to the great poorness in vessels. 

The passive alterations are retrogressive metamorphosis. Ero- 
sion of^he articular cartilage — a flat, superficial loss of sub- 
stance — originates by fatty metamorphosis of the cartilage cells and 
gradual softening of the capsules apd the true intercellular substance. 
^\hen this process gradually extends in the depth, it is called ulcera- 
^ ’ r) n . The difference, therefore, is purely quantitative, not qualitative, 
^^^hen the whole articular cartilage is uniformly altered in this manner, 
l^iinning of the whole cartilage results ; on the other hand, if only isolated 
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areas are involved the surface finally becomes uneven. This form of 
softening is very frequently observed in chronic articular inflammations ; 
it develops also as the result of suppuration and may progress to complete 
destruction of the cartilage. This destructive process is frequently pre- 
ceded by proliferation. 

In asbestoid degeneration the basement substance first segments, 
becomes filamentous, and finally completely softened, while the cartilage 
cells proliferate or die by fatty metamorphosis. Fissures or cavities with 
smooth or nodulated surface, which are filled with fluid contents, thus 
develop in the synchondroses and costal cartilages. (See Fig. 494.) 

Calcification of the cartilage, petrification (see p. 140), begins with 
deposition of lime-salts in the capsules; the tnie intercellular substance 
is not infiltrated with lime-salts until later. 

Transformation of the permanent cartilage into bone, ossification 
(see p. 140), is a quite frequent occurrence, which is observed in ad- 
vanced age as senile ossification, e,g., in the costal cartilages, and also 
as a sequela of inflammations as inflammatory ossification. Ossifications 
of the laryngeal and tracheal cartilages in chronic laryngitis and trache- 
itis, vertebral synostoses in carious processes and in healing of spon- 
dylarthrocace, and synostoses of the cranial bones in inflammatory states 
of the cranial envelopes not infrequently develop, even in young indi- 
viduals. 

Ostitis deformans (Paget), osteomyelitis fibrosa (von Reckling- 
hausen), is a chronic affection generally involving a number of bones 
(skull, vertebne, clavicle, femur, etc.), especially the long bones of the 
leg, most frequently the tibiae. It usually attacks individuals beyond the 
4()th year, and is characterized by gradually increasing thickening, due t«> 
resorption and hyperplasia, which result in nodular deformity and often 
bending, the latter affecting especially the bones of the spine and legs. 
According to Stilling, resorption occurs as in rarefying- ostitis, the new 
formation of bone, which remains uncalcified for a long time, originating 
from the perio.steum and bone-marrow. According to von Reckling- 
hausen, the process begins as osteomalacia with marked destruction of 
the tela ossea ; the fat- and lymphoid marrows are then transformed by an 
inflammatory process into fibrous tissue: osteomyelitis fibrosa osteopla^' 
tica, endostitis hyperplasHca, resulting in the production of a lar^e amount 
of noncalcified bone in which focal softening and cyst formation may 
occur, 

B. Vascki describes an example of Paget's disease in a man aged 68 ye ll's 
in whom the disease began in one extremity and produced thickening and protrusion 

i Fortschritte der Medizin, Dec. 8, 1910, p. 1SS6. 
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of the tibia and elongation of the whole leg. Radiographic examination of the 
whole skeleton and microscopic examination of a piece of bone excised from the 
tibia led the author to the following hypothesis of the origin of the malady. From 
some cause or other {e.g,, excessive labor) there occurs in the bone an active 
hyperemia which, owing to obstructed out'^ow of blood, is converted into a passive 
hyperemia. As a result, an increased resorption of bone, especially of the compact 
substance, and transformation into desmoidal connective tissue (analogous to 
cyanotic induration of the liver or spleen), from which spongiose bone-tissue then 
develops, occur from the bone-marrow. To compensate for the altered bone struc- 
ture the organism reacts to the resorption and the resulting softness of the bone 
by overproduction of bone from the periosteum. In the case cited arteriosclerosis, 
defective nutrition, and congenital disposition (the patient was the premature child 
of a consumptive) may have been the cause of the biologic alteration of the bone 
substance. 



Fig. 495. — Arthritis deformans with broadening of the knee-joint surface 
of the right femur, from a laborer aged 49 years. In addition to erosion of 
the cartilage, there are proliferations, especially at the margins of the articular 
surface. % natural size. (After LangerhansJ) 

• 

In arthritis deformans (formerly called arthritis pauperum) all 
constituents of the joints (cartilage, synovialis, ligathents) may be in- 
volved; even the adjacent portions of the bone and the surrounding con- 
nective tissue are altered. The process often begins passively with erosion 
attrition of the cartilage surfaces; irritative ami true irtflammatory 
ctnuplicafions always occur later and are often present also from the out- 
let. The cartilage begins to proliferate (see p. 230) and sometimes to 
^’"sify, is again eroded until finally the lamina tcrminalis of the bone is laid 
Then an osteosclerosis begins, which produces aporcelain-like 
s t a t e of the bone. With this are associated bone proliferations, e x o s - 
which may develop into large tumors and surround the joint 
surface in wreath form. Villous, lipomatous excrescences develop at 

68 
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tht point of reflection of the synovial membrane, which likewise embar- 
rass movement of the joints. When exudative processes are added, 
these are always indicative of an acute exacerbation, for tliey not infre- 
quently are the beginning of true adhesive inflammation which finally 
results in fibrous ankylosis. On the other hand, for example, 
a condyle may become so small or be so markedly deformed by attrition 
and atrophy that luxation finally occurs. 

In acute rheumatic articular inflammations (arthritis multipUx) the 
synovialis^ is swollen and hyperemic and its viscid secretion often scarcely 
increased ; in other cases the secretion is increased in amount and thinner 
than usual, or markedly increased and watery: hydrarthrosis, or the 
synovialis is covered with fine, delicate fibrin flocculi : arthritis fibrinosa, 
hydrofibrinosa,. In some cases this process is accompanied by hemor- 
rhages into the joint: hemorrhagic arthritis; then, in addition 
to fibrinous masses, fresh extravasate or also pigment masses are found. 
The hemorrhagic process has a great tendency to recur, so that besides 
fresh blood masses and fibrin coagula older vascular adhesions and old 
blood-pigment also are observed. More frequently, however, the hemor- 
rhagic contents of a joint, hemarthrosis, are referable to traumatism. The 
fibrinous inflammations result in cord-like and flat adhesions of the joint 
surfaces. 

Goadby2 has studied the etiologic relation of bacteria of the mouth to rheu- 
matic arthritis, and in cases in which such a relation could be assumed the virulence 
of pure cultures of oral bacteria was tested upon rabbits by intravenous, sub- 
cutaneous, and peritoneal injection. Arthritic manifestations w«re observed, how- 
ever, only when cultures were injected into the joints or periarthritic tissue of 
animals which, tested with the patients’ serum, showed an alteration of the opsonic 
index. A few strains caused chronic swellings of the synovial membranes, and in 
several cases even marked osseous alterations. In 3 cases palpable nodules occurred 
also in bone which bore no direct relation to the injected joint. In animals which 
died in from two to three months after injection, the same bacillivs could repeatedly 
be found in the heart-blood. Other modes of injection produced no arthritic symp- 
toms. The strains were a streptobacillus {'"sireptobaciJlus males") which mor- 
phologicly resembled the Ducrey bacillus, but culturally a streptococcus. Vaccina- 
tion of the patients with the bacillus obtained from the oral cavities produced im- 
provement or cure aij^r primary increase of the articular symptoms. The oral 
affections which cause rheumatism may originate either from the teeth of be inde- 
pendent of these. Dental caries, which may occur especially in filled teeth; remain- 
ing roots, teeth with defective crowns, and bridgework should always be investi- 
gated. Prosthesis also may cause inflammation and chronic suppuration or obscure 
existing suppurating foci. Far more important than diseases of the teeth arc 
suppurative processes of the gums and periosteum, classed under the term pyor- 
rfujsa alttolaris. Tooth extraction usually does not relieve the suppurative con- 

1 This stands about midway between the serous and the mucous membranes. 

*The Practitioner, vol. Ixxxviii, 1912, p. 107. 
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(lition, because the maxilla itself may be infected beneath the teeth. Goadby there- 
fore recommends vaccine therapy, which is said to be attended by good results. 

In the purulent form: purulent arthritis, the synovialis is ery- 
sipelatous-swollen, opaque, and covered with pus. In this condition the 
cartilage at first remains passive and in the beginning is .also unaltered. 
Hie exudate is formed only by the synovialis. In purulent inflammation, 
however, the cartilage soon changes its ordinary character, in that it 
is partly dissolved by the direct action of the pus upon the surface and 
cellular proliferation and disintegration of the intercellular substance, 
f)artly fransformed into vascularized connective tissue. The softening 
occurs chiefly at the points of pressure and erosion. Sometimes, espe- 
cially in very violent, malignant, and putrid cases, the cartilage becomes 
necrotic and is cast off in larger pieces. Small and large fragments of 
cartilage are then found in the joint cavity, within the purulent or icho- 
rous exudate. 

Joint affections occurring in scarlatina may, according to 
I'rilsch,^ be divided into two forms: 1. Arthritis scarlatinosa serosa: (a) 
a mild inflammation of the .synovialis with or without slight, transitory 
serous effusion; (b) inflammations with abundant serous effusion with 
chronic course. 2. Arthritis scarlatinosa pnrnlcnta, due to mixed infec- 
tion. The two first forms are due solely to the unknown scarlatinal ex- 
citant, are usually benign, heal six^ntaneotisly, and, therefore, rarely come 
into the hands of the surgeons. The purulent arthritis, on the other hand, 
is a mixed infection with streptococci uix>n the basis of an articular 
synovialis injureef by the scarlatinal virus. This form is purely surgic. 
Arthritides as a complication of rubeola are very rare and present the 
same features as the scarlatinal forms. 

When the cartilage is destroyed and the bone laid bare, attri- 
tion, erosion of the terminal compact bony layer and 
later also of the spongiosa occur. In purulent coxitis enlarge- 
ment of the socket (acetabulum) and diminution qf the head of the 
femur with shortening of the affected extremity, and under certain cir- 
cumstances also luxation of the diminished head of the femur, thus 
^levelop. The purulent process may extend through *the pelvis to the 
pcritoneuip, or to the gluteal muscles, producing phlegmonous inflam- 
»cation. 

According to Kienbbck,^ at the acme of gonorrheal arthritis in the hand, the 
^ 1‘ays show a marked transparency of the carpal bones, the structure and contour 
^'•f which are indistinct. According to the distribution of the process, 3 categories 
are differentiated: a, the affection is either confined to the second to fifth carpo- 

1 Bruns^ Beitrage, Bd. 72. 

2 Paris m^d.. 1.^2, pp. 138-141. 
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metacarpal Joints, or, h, all carpal bones and the proximal ends of the second to 
fifth metacarpal bones, or, c, also the lower end of the radius, are involved. The 
carpometacarpal joint of the thumb and the joint of the pisiform* bone are always 
free, because they have isolated joints. These two joints are also always exempt 
from an osseous new formation which usually starts from the diaphysis of the 
radius and extends forward to the carpometacarpal joints. In severe cases there is 
a distinct transparency of the metacarpal and finger bones which begins in the 
spongiosa and extends to the diaphyseal cortex. It is caused by atrophy of the 
af'ectcd bones, due partly to inactivity, partly to irritation of the adjacent inflam- 
mation. The same deformations occur in other joints. In the knee-joint complete 
destruction of articular cartilage and synostosis between femur and tibia are very 
frequent; then two groups of lines, which run from the outer and inner sides of 
both condyles of the femur, arc usually recognizable and consist of new-formed 
spongiosa. At the same time there is genu recurvatum, due to subluxation of the 
tibia backward; the patella is thus drawn downward and backward and grows to 
the under surface of the femur. In children these alterations are usually attended 
by limitation of growth. 

All dislocations between articular surfaces are called luxations. 
These are either entirely (complete luxation) or only partly 
separated from each other (incomplete luxation). When incom- 
plete luxation occurs slowly, the question is one of subluxation. 
Every complete and incomplete luxation in a strict sense occurs sud- 
denly, uno acta. In complete luxation the articular capsule is always 
torn. If the luxated part is not replaced, the capsular rent heals by grad- 
ual diminution. Three scdcs morbi: (1) the articular surface of the 
vacated joint, (2) the articular surface of the dislocated joint, and (3) 
the new environment of the dislocated joint surface, are thus produced. 
The surface of the vacated joint atrophies and shrinks, somewhat like, 
e.g,, an empty tooth alveolus ; the cartilage gradually disappears, and the 
whole joint becomes smaller, filled with proliferations. Similar proc- 
esses occur in the dislocated joint surface. In addition to the atrophy, 
partial sclerosis is observed. When the dislocated part is surrounded by 
soft tissue, it acquires a fibrous capsule; if, however, it touches a bony 
structure, a new, but imperfect articular surface develops which the more 
closely resembles the true articular surface the earlier the luxation ensued. 
In so-called congenital luxation of the hip, which occurs during birth, 
the best re-establishment of a new joint is observed. In subluxation also 
those parts atrophy which have been placed in disuse, while at the new 
points of attrition a kind of joint is established. 

Spastic luxation of the hip-joint. H. Weber^ examined radio- 
graphicly 18 children with hypertonia of the musculature. In one child 
who had chronic hydrocephalus that had developed in earlier childhood, 

1 Miinch. med. Woch., 1911, No. IS. 
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the chief symptom was spasm of the lower extremities ; another child had 
idiocy with spasms of all extremities; a third, infantile spastic hemi- 
plegia. The remaining 15 had Little’s disease. In all these 18 cases 
there were a very marked number of pathologicly altered hip- joints. Of 
30 different joints only 13 were of normal configuration. In the abnormal 
joints there were 4 complete luxations, 2 subluxations, and a number of 
less marked alterations which, in addition to the position of the head of 


the bone, had involved chiefly 
the bony socket. It is probable 
that the different degrees of 
joint changes correspond to dif- 
ferent developmental stages of 
luxation. 

Ankylosis signifies firm, im- 
mobile, organic union of artic- 
ular surfaces. The union may 
be by fibrinous tissue : fib- 
rous ankylosis, or by os- 
seous tissue: bony anky- 
losis, rarely and, as a rule, 
only partially by cartilage : c a r - 
tilaginous ankylosis. In 
all cases ankylosis is the result 
of inflammatory disturbances, 
principally of f i If r i n o u s ar- 
thritis. The fibrinous exu- 
date is produced only by the 
synovialis and chiefly at the fold 
or reflection. Therefore, agglu- 
tination and a d*li e s i o n also 
begin in the periphery of the 
true articular surfaces. From 
there, however, the process ad- 
vances toward the center to the 
true articular surfaces, the car- 
tilage being partly converted into 



Fig. 4%. — Osseous ankylosis of 
the right knee : synostosis feinoris 
et tibiae. Continuous marrow-space. 
Woman aged 75 years. femur; 
T, tibia; Fi, fibula, % natural size. 
(After Langerhans.) 


connective tissue (isolated islands of cartilage are found in almost every 


fibrous ankylosis). When the adhesions occur early — before puberty — 


there is always an arrest of development of the affected side, through 


cessation of growth, in the pelvis, e.g,, the synchondroses ossifying pre- 
maturely. In adhesion of the acetabulum with the head of the femur, 
oblique pelv.is results. ( See Fig. 487.) 
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In contrast to true ankylosis stands false ankylosis (pseudoanky- 
losis), which consists not in adhesion of the articular surfaces, but 
only in fixation of the joint by shortening of the articular ligaments, 
strong cicatricial contractions, etc. 

Of the tumors which start from bone, two groups may be differ- 
entiated according as they develop from the surface — most frequently 
from the periosteum — or from the inner portions: the marrow and the 
spongiosa. In the latter, as a rule, the softening of the firm, compact 
bone substance and synchronous deposition of new lamellae upon the ex- 
ternal surface, through irritation of the periosteum, occur from within 
outward. The bone may thus increase considerably in bulk (s^pina ven- 
tosa of the ancients). The most frequent tumors^ are sarcomata (perios- 
teal and myelogenous), osteosarcomata, osteomata, chondroniata, sel- 
domer myxomata and carcinomata, sometimes fibromata (in the region 
of the oral cavity and of the nasopharynx as fibrous polypi), seldom 
angiomata, cysts (probably the result of metamorphosis of myxomata 
and. cartilage islands). 

Among the metastatic tumors is to be named first of all carcinoma, 
which occurs in the form of countless tumor-nodules which are often 
not recognizable externally, but generally contrast more or less distinctly 
with the surrounding intact bone-tissue by their difference in color and 
consistency. In other cases these metastases form large, externally vis- 
ible nodules witli softening of the bone substance. In addition to diffuse 
carcinomatosis of the bones, ^ in which, as a rule, tlie primary tumor can- 
not be found, there is a similarly progressing diffuse srreomatosis, which 
is either confined essentially to the bone, especially the bone-marrow, or 
forms multiple nodules also in the internal organs. 

Tumors of the bones, primary and metastatic, are the most frequent 
cause of so-called spontaneous fracture. 

Echinococci not very frequently and cysticcrci seMom occur in the 
bone. 

t Compare Sarcoma, p. 248 ; Osteoma, p. 235 ; Chondroma, p. 232 ; Myxoma, 
p. 228; Fibroma, pp. 216 and 224; Angioma, p. 204, and Carcinoma, p. 302, 

2 See tumors of the prostate, p. 873. 
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In siiTiple muscle irritation, as occurs, for example, in the region 
of ulcers, there is proliferation of the nuclei in the primitive bundles (of 
the perimysium), analogous to the increase of nuclei in growing muscle. 



Fig. 497. — Zenker’s waxy degeneration of the musculature. Fresh frag- 
ments from the rectus abdominis muscle of a woman. (Apoch., 16; Comp. 
Ocul., 4. AlttnLangerhans.) 

Inflammation of the true muscle substance, myositis parenchyma^ 
tosa, always begins with swelling of the primitive bundles; the muscle 
in this stage is firmer to the touch, pajer in color, and appears homo- 
geneous, lusterless, and compact. When the process is very acute the 
muscle bacomes more opaque and friable, the transverse striations disap- 
pear, the primitive bundle disintegrates into irregular, almost homo- 
geneous, frequently somewhat glistening fragments and clods; finally, 
softening occurs, the perimysium di.sappearing. This is observed in 
so-called waxy degeneration (Zenker), degeneratio ccrea, in the region 
of hemorrhagic infarcts of the musculature, suppurations, and tumors, 
(See Fig. 497.) 
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If the process is less acute, the stage of cloudy swelling is followed 
by fatty metamorphosis. Minute fat-puncta^ appear, which at first are 
irregularly distribute^!, but gradually become arranged in tjransverse lines 
corresponding to the transverse striations. By enlargement of the fat- 
puncta, small fat-droplets develop, which are easily recognizable also 
without addition of caustic soda, and, corresponding to the course of the 
fibrillse, are arranged in longitudinal (rosary-like) rows. In this condi- 
tion the primitive fibrillae disappear. The fatty material is absorbed, 
sometimes after the small fat-droplets have coalesced to somewhat larger 
drops. The fatty metanx)rphosis usually begins in the form of maculae; 
it may, however, from the beginning extend uniformly over large areas, 
e,g., in phosphorus poisoning and severe infectious diseases. Such a 
muscle has a strikingly cloudy appearance and a pale, yellow-red color. 

Waxy and fatty metamorphosis are frequently found to coexist in 
the same muscle. The latter is in toto less resistant, and in strong ten- 
sion, rapid movement, etc., may rupture. Hemorrhage, so-called 
muscle hematoma, then develops. (See p. 214.) 

In contrast to secondary inflammatory fatty metamorphosis of the 
muscle stands the primary form, which is not preceded by a stage of 
cloudy swelling. Primary fatty metamorphosis is the result of nutritive 
disturbances and inactivity (e.g,, in ankylosis). In place of parts de- 
stroyed by fatty metamorphosis fat-tissue or connective tissue appears, 
which sometimes has a tendinous character: macula tendinccc of the 
muscle substance. 

Acute interstitial, purulent inflammation of thjs muscle starts 
from the vessels and the interstitial connective tissue. Like by far the 
great majority of all parenchymatous myositides of a secondary nature, 
it is a propagated (phlegmonous) or metastatic affection (glanders, sep- 
sis, etc.). In the beginning the muscle parenchyma may be entirely in- 
tact ; within a short time, however, changes which belong in the category 
of parenchymatous inflammation (swelling, clouding, fatty metamorpho- 
sis, disintegration) are regularly found. Sometimes all the muscular 
tissue is destroyed over large areas, and a muscle abscess develops. 
According to the nature of the pathogenic agents (bacteria, etc.), the 
pus is sometimes creamy, greenish yellow, sometimes more liquid, dirty 
grayish red, sometimes stinking, putrid in character. 

A chronic interstitial inflammation of the muscle with destruction 
of the parenchyma occurs protopathicly (primarily) only in syphilis; 
deuteropathicly (secondarily) as a frequent sequela of other affections, 
and in atrophic changes. It consists in progressive increase of the con- 

* Owing to the still partly preserved transverse striations, these arc distinctly 
recognizable only on addition of caustic soda. 
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nective tissue with subsequent cicatricial contraction and atrophy of the 
parenchyma. This results in the formation of muscle scleroses. 

In this category belongs caput obstipum muscularc, muscular, 
stiff, or wry-, neck {torticollis), which is due to contraction of the 
sternocleidomastoid muscle. The contraction is frequently due to strain 
and trauma during birth; hence, is most frequently traumatic in origin. 
An infectious etiology is rarer, though an infectious process is sometimes 
associajted with trauma. 

A rare affection of the voluntary skeletal musculature is myositis 
ossificans. In this condition spongiosa-like, partly spiculate bone masses 
are formed in the intermuscular connective tissue. New formation of 
bone is preceded by inflammatory phenomena associated with pain in 
the affected groups of muscles ; these are next followed by fibrous degen- 
eration, under the action of which the parenchyma atrophies. Bone 
formation is always accompanied by shortening of the muscles, so that, 
e.g,, in ossification of the masseter muscles the teeth of both jaws are 
brought in contact. This disease begins in youthful individuals and has 
a progressive character, advances with numerous exacerbations, and 
finally terminates in death. 

Tsunoda^ transplanted finely divided fragments of periosteum into the mus- 
culature of the upper extremity and thigh of young rabbits. After two weeks 6 
out of the 40 animals employed showed intramuscular formation of cartilage and 
bone. Independent parosteal bone formation, therefore, may occur in muscles, 
adipose tissue, etc., from even minute traumaticly displaced fragments of perios- 
teum. In a second series of experiments only the cells obtained by scraping the 
inner surface of t!«e periosteum w’cre used. As all 40 experiments were negative, it 
would appear that osteoblasts detached from their matrices are incapable inde- 
pendently to produce cither bone or cartilage. 

Hypertrophy of the musculature i.s the result of strenuous work 
(but not ove r exertion) and is, therefore, usually designated as labor 
hypertrophy. (See p. 110.) 

Pseudohypertrophy consists in augmentation of the bulk of the 
musculature, which, however, unlike hypertrophy, is not due to increase 
of contractile substance, but to interstitial development of adipose tissue. 
Rows of fat-cells form between the primitive muscle-bundles by meta- 
plasia of the interstitial connective tissue. The stronger this development 
of fat-cdls, the more the true parenchyma suffers and atrophies. 

All processes which cause diminution of the contractile substance are 
designated as atrophy of the muscle. The following are differentiated : 
first, fatty or necroTbiotic atrophy (i.r., the above-mentioned fatty 
metamorphosis after inflammations, in nutritive disturbances and in- 


1 Virchow's Archiv, Bd. 200, p. 93. 
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activity); second, simple atrophy with diminution in the size of the 
primitive muscle«bundles (in consequence of defective or temporarily 
complete ce^ation of use, e.g., in firm bandaging; in advanced age as 
senile atrophy), and, third, atrophy in proliferation of the interstitial 
tissue. 

The last form corresponds to the state in progressive mus- 
cular atrophy. In this condition two forms can be distinguished: 
the so-called spinal (in affections of the spinal cord with degeneration 
of the anterior horns), and that in which no changes are demonstrable 
in the spinal cord, which begins primarily in the muscle: idiopathic 
form. 

From the interstitial connective tissue of the musculature develop 
most frequently sarcomata and fibromata, seldom myxomata, lijx)mata, 
chondromata, osteomata. Metastatic carcinoma noflules are of frequent 
occurrence. 

Most important of the parasites are trichinae. (Sec p. 362.) Cysti- 
cerci frequently occur, rarely echinococci. 

The affections of the tendon-sheaths resemble most the changes of 
the synovialis. There is a serous, fibrinous, and purulent 
tendovaginitis. In the fibrinous form tl:e surface is dry and 
slightly reddened. Purulent inflammation of the tendon-sheaths has a 
tendency to spread very quickly and usually leads to destruction of 
the tendon-sheath and tendon. In all cases the inner surface of the ten- 
don-sheath is very slightly reddened and, as a rule, somewhat mottled. 
The acute exudative forms are sometimes followed by adhesion of 
the sheath to the tendon. Purulent inflaminations of the tendon-sheaths 
are always propagated or metastatic processes, while the serous and 
fibrinous forms occur also six>ntaneously as so-called rheumatic inflam- 
mations. 

While tuberculosis of the tendon-sheaths usually js the result of 
extension from bone or joint affections, it may occasionally be primary. 
The process often extends along the tendon for a considerable distance. 
It may occur in the form of miliary nodules or of diffuse caseating granu- 
lations. In tuberculous affection the formation of corpora orysoidea is 
especially abundant and frequent. 

Inflammation of the bursae (bursitis) is most frequently ob- 
served in hygroma prccpatellare in front of the knee-pan, seldomer in 
other bursae, e.g,, in that over the metatarsophalangeal joint of the great 
toe. In front of the knee, fist-sized swellings may develop, which, how- 
ever, only rarely undergo suppuration. 

So-called ganglion or synovial tumor (hygroma gangloides) de- 
velops, like the burs«e, as a result of atrophy in localities subjected 
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to frequent pressure and friction, being preceded by the forma- 
tion of fissures or spaces in the tissue. A unilocular ganglion may de- 
velop from ^ number of adjacent spaces — ganglion multilocularc — ^by 
progressive atrophy of the intervening tissue — the partitions and tra- 
beculae. A fluid which is sometimes thin and watery, sometimes viscid 
like the synovia, collects in the atrophic spaces and fissures and some- 
times slowly, imperceptibly, in the true bursae, sometimes very rap- 
idly, almost suddenly, in the so-called ganglions, especially upon the back 
of the hand and foot. The secretion of fluid is always of an irritative 
nature, i.c., the product of an irritation which, in many cases, is due to 
external mechanic or traumatic influences. The rapidity of accumulation 
of the fluid explains why ganglions so frequently are assumed to orig- 
inate as a result of rupture of the tendon-sheath, or bursa or of pro- 
trusion of the synovialis. In fact, there is in some cases a communica- 
tion between the hygroma and a tendon-sheath or a joint cavity; as a 
rule, how^ever, this is a secondary phenomenon due to the fact that the 
hygroma sccoiularily — i.c., after its formation — communicates with the 
tendon-sheath or joint cavity. Protrusions of the joint cavities with sub- 
sequent constriction of the protruded synovialis may occur also, but are 
rare. In this case the surface of the constricted sac has the character of 
the synovialis. 

Analogous to hnrsa prcrpatcUaris betweeti the skin and the patella, 
a bursa mucosa prccossca frequently forms in amjmtation stumps in the 
same manner as in hygroma. 

The more^sJowly the fluid collects in the atrophic fissures, th.e more 
viscid it usually is, and, the quicker it accumulates, the more watery its 
character. After long duration the tissues surrounding the ganglion 
gradually thicken, so that the fluid finally is inclosed in a very firm and 
often very thick, frequently smooth-walled caj^sule. Connective-tissue 
proliferations ^{hygroma proUfcrans), which have a very dense, almost 
cartilaginous consistency, are frequently pedunculated, and then are 
easily liberated by constriction, sometimes secondarily originate from the 
walls of hygromata and of the tendon^ sheaths, which, moreover, develop 
in the .same manner as bursa prccpatellaris. These constricted fibrous 
structures constitute the free bodies (corpora libera') or the rice 
graims (corpora oricoidea) of the tendon-sheaths and of hygromata 
(so called because of the external resemblance to rice grains). The irri- 
tative character of hygromata is very distinctly manifest in this prolifer- 
ating form. 

A prepatellar hematoma may develop from a hygroma or 
a bursa, e,g*, prepatellar bursa, as. a result of trauma which leads to 
hemorrhage. 
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Sometimes ganglions, like the bursae, are the seat of true inflam- 
mation; this may be simple in nature and after a time disappear, or it 
terminates in suppuration, or becomes chronic. 

Besides the fibromata mentioned {hygroma proliferum)^ primary 
tumors very seldom start from the tendon-sheaths and bursae. On the 
other hand, these parts may occasionally become secondarily involved 
by extension of other tumors from the neighborhood. 



THE SKIN. 


The external skin consists of the epithelial layer (epidermis, or scarf- 
skin), Ijhe cutis or corium, and the subcutaneous connective tissue. 

In the epidermis the basal layer is composed of a zone of perpendicularly 
arranged cylindric epithelium. This is followed by the stratum spinosum, com- 
posed 'of polyhedral cells held together by delicate protoplasmic processes or 
spicula, so-called prickle cells. The next layer is composed of flattened 


Stratum cornetim. 


Lower marsTin of 
stratum lucidum. 

Stratum sfranulosum. 


Stratum spinosum. h 

V 

Fig. 498. — Scct’pn through human epidermis ; the deeper layers of the stratum 
Malpighii are not shown. X 750. (After Bohni-Davidoff.) 

cells with granular protoplasm : stratum granulosum. The cylindric, spinous, and 
granular layers constitute the so-called stratum Malpighii, or rete tnucosum. The 
superficial layer consists of squamous hornified cells, which form the stratum 
corneum, or horny layer. 

The corium, or true skin, lies immediately beneath the epidermis and is 
divided into two layers: the upper, called the cutis rasculosa or stratum papillare, 
and the lower, the cutis propria. The corium contains sebaceous and sweat- glands 
and roots of the hairs and their sheaths. 

The cutis vasculosa, v/hich is composed of a reticulum of collagenous con- 
nective-tissue fibers interspersed with clastic fibers, sends papilla; into the epidermis, 
and is richly supplied with vessels and nerves, particularly in the papillae. The 
epithelial prolongations filling the depressions between the papilkT, although they 
form a reticulum,. are called epidermis papillm. 
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The cutis propria is made up of a network of connective-tissue bundles so 
arranged as to form elongated spaces, the long diameter of which is parallel with 
the direction of tension of the skin. The connective-tissue bundles* are surrounded 
by a reticulum of elastic fibers. 

The epidermis and cutis vasculosa are designated by Kromayer as 
“parenchymatous skin/* in contradistinction to the cutis propria. 

The subcutis, or subcutaneous tissue, consists of collagenous connective- 
tissue and elastic-tissue fibers arranged in a loose, wide-meshed reticulum, in the 
spaces of which are more or less numerous adipose-tissue cells. 

While up to the middle of the past century cutaneous diseases were 
usually regarded as symptoms of internal diseases, false blood mixture, 
etc., Hebra defended the view that, as a rule, they should be interpreted 
as independent affections originating from external noxae. Today we 
again occupy the position that large groups of skin diseases are due to 
the existence of internal diseases, metabolic anomalies, and disturbances 
of internal secretion. I"or example, diabetes may produce disposition to 
furunculosis; nephritis to eczema. According to Zumbusch,' the most 
interesting cutaneous alteration in diabetes is xanthoma, manifested by 
the development, which often is very rapid, of small, bright-yellow nodules 
upon the skin. Their formation is due to the fact that, under certain 
conditions, normal cells of the skin degenerate and become infiltrated 
with cholesterin. Jt is not a neoplasm. Xanthoma has no connection 
with the excretion of sugar ; it is observed also in diabetes insipidus and 
in liver affections {xanthoma hepaticuni). While little is known of the 
influence of uric acid diathesis, uric acid depositions 'cy'cur in rare in- 
stances in the skin. All that has been recorded upon the relation of 
gout, rheumatism, to skin diseases is hypothetic. In psoriasis joint 
affections are observed in addition to the exanthema, though these do not 
correspond to the character of uratic gout, but to the picture of arthritis 
deformans. In regard to disturbances of internal secretion, which re- 
cently have been called upon to explain the origin of certain skin affec- 
tions {c,g,, Addison’s disease, scleroderma). Finger^ advances an opinion 
somewhat at variance from the prevailing view. He assumes that every 
gland with ‘^external secretion” elaborates, besides its products, also 
waste products from the blcKjd, the absence of which function on failure 
of gland activity must be followed by disturbances in other organs, 
also in the skin. Furthermore, experiments recently have been made to 
explain the long-known urticaria ex ingestis as an anaphylactic phenom- 
enon. (See p. 324.) The connection is most clear between cutaneous 
manifestations and disturbances of the internal constitution in dermatoses 


1 Die Heilkunde, 1911, No. 10. 
a Wien. klin. Woch., 1912, No. 25, pp. 23-25. 
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of pregnancy, such as impetigo herpetiformis, etc. It has also recently 
been found that these severe dermatoses can be cured by injection of 
serum from normal pregnant women. The nutrition and resistance of 
the skin are in great measure dependent upon the proper function of the 
blood-glands : note, for example, the extensive pigmentation in Addison’s 
disease. In diseases or absence of the thyroid gland the thickening and 
discoloration of the skin known as myxedema 
originates ; scleroderma also is dependent upon 
disturbances of the thyroid gland. The skin 
of casf rated subjects is thick, flabby, and 
yellowish. The functions of the female geni- 
talia especially provoke disturbances of various 
types : c,g,, herpes menstrualis, cutaneous pru- 
ritus during gestation, urticaria, herpes gesta- 
tionis, impetigo herpetiformis. Abnormal 
states of blood are manifested in the nutrition 
of the skin: lymphatic leukemia and pseu- 
doleukemia may produce cutaneous symptoms 
(tumors, pruritus, prurigo-like exanthema). 

Every hyperemia of the skin disappears 
almost completely after death, i.c., it is re- 
placed by anemia. In hyperemia of long 
duration, increase — hyperplasia — of the epi- 
dermis and exfoliatwn of the hornified epider- 
mis scales occur. Furfuraceous des- s 

quamation — bran-like desquamation (in 
morbilli, pityriasis, prurigo) , m e m b r a n o u s 
desquamation — and skin-like exfoliation 

(in scarlet fever^ psoriasis, erysipelas) are Fig. 499.-— Sweat-gland, 
distinguished. b epidet.n; 2, Malpighian 

Hemorrhages of the skin (hemorrhagic 3, derm; 4, papilla; 

infiltratbn of the cutis) are recognizable under 

all conditions, even after death, and, unlike the duct; 9, subcutaneous 
hypostatic cadaveric maculae, cannot be dis- tissue. (After Hedon.) 
placed by, pressure with the finger. Small, 

punctiform hemorrhages are called p e t e c h i ae ; striate hemorrhages, 
VI bices; .diffuse hemorrhages, ecchymoses and suggilla- 
t i o n s • The hemorrhages develop as the result of trauma (crushing with 
rupture of small vessels), in infectious diseases (scarlatina, ulcerative en- 
docarditis), intoxication (phosphorus, iodine), in bleeders, pernicious 
anemt^ scorbutus, etc. Many nontraumatic cutaneous hemorrhages are 
cksaed under the name purpura (morbus maculosus, purpura senilis, etc.). 
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Hyperemic and hemorrhagic states lead to the formation of pig- 
ment (yellow-brown blood-pigment). 

In hypersecretion of the sebaceous glands of the skin sebor- 
rhea develops — either seborrhcca oleosa or squamosa. In the latter case 
the secretion product of the sebaceous glands mixes with desquamated 
hornified scales and leads to bran-like desquamation, which in some local- 
ities, e.g,, upon the hairy portions of the head, may be very profuse. This 
seborrhea of the scalp (scborrhoca capillitii) is usually associated with 
phenomena of irritation, especially swelling and redness and sometimes 
also exudation, which often results in agglutination of the hairs. 

Hyposecretion of the sebaceous glands (in elephantiasis, etc.) ren- 
ders the skin dry, inflexible, and brittle; fissures (rhagades) readily 
develop. 

Comedones, blackheads, develop as a result of increased secretion 
and retention of epidernioidal cells and fat (sebum) in the upper portion 
of the hair follicles (folliculi pilorum) ; these are sausage-shaped, quite 
dry masses which can be expressed, and are stained black upon the prox- 
imal end by dust and dirt. Accumulation of these masses in the lower 
portion of the hair follicles produces milia, skin sand, cuta- 
neous calculi. Milium is a small, whitish, sometimes glistening, 
mother-of-pearl-like, noninflammatory nodule, about the size of a poppy 
seed, occurring in localities where the skin is thin — e,g,, on the eyelids, 
face, forehead — and possesses fine lana hairs with short hair follicles. 
Within the milium the epithelial cells are frequently concentricly lamel- 
lated. Milia are found in most people (usually elderly individuals). The 
point of predilection is the nose and its immediate neighborhood. They 
may undergo calcification and then give rise to the so-called cutaneous 
calculi. 

Atheroma, sebaceous tumor, wen, sebaceous cyst^ usually develops 
from a milium by intense accumulation of epidermis cells and sebaceous 
material in localities where the skin is especially thick, namely, upon the 
hairy portions of the head (scalp). Atheromata usually attain the 
size of a walnut and then are very prominent. The pressure exerted by 
them upon bones ma)?^ produce erosion of the latter. The pap-like or 
gruel-like contents of atheroma ( ASc/wufia = gruel, pap tumor) are com- 
posed principally of epidermis cells, but contain also fat-masses and gener- 
ally fat-crystals and cholesterin. The fat and the cholesterin crystals formed 
therefrom are derived partly from the sebaceous glands. Complete occlu- 
sion of the hair follicles very frequently occurs in connection with athero- 
mata as a result of inflammatory swellings and retractive processes of 
the skin. Sebaceous cysts may develop also from portions of displaced 
skin in the corium or the panniculus adiposus. The walls of the latter 
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have the same structure as the skin, while the first-mentioned atheromata, 
which develop from the ducts of the sebaceous glands and hair follicles, 
have a perfectly smooth connective-tissue wall lined with a lamellated 
layei^of flattened epithelium. Atheromata, especially of the scalp, not 
infrequently undergo ulceration and carcinomatous — epitheliomatous — 
degeneration, especially if they are constantly subjected to mechanic irri- 
tation. Therefore, early extirpation should be urged. 



Fig. 500. — Ajcne rosacea (rhinophytna). Section through skin of the 
nose, a, coriuni, focally infiltrated with cells; b, epidermis; c, sebaceous 
glands; d, same containing epithelial squamae; e, dilated excretory ducts of 
sebaceous glands filled with hornified epithelium and bacteria; f, demodex 
folliculorum in an excretory duct of a sebaceous gland; g, filled blood- 
vessels. X 45. (After Ziegler.) ^ v 

Accumulation of epithelial masses may be accompanied by phenom- 
ena of irritation, resulting in inflammation and suppuration of the hair 
follicles and the sebaceous glands; smaller and larger red nodules and 
pttstules develop, which present the clinic features of acne {acne rosa- 
cea of the nose: Burgundy nose). In acne rosacea there is redness and 
thickening of the skin, resulting from- hyperemia due to ectasis of the 
voiuids. Acne occurs also after application of irritant drugs to the skin. 
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and after ingestion of certain medicaments (iodides, bromides). The 
inflammation accompanying deeply seated milia is usually attended by 
a hard infiltration of the skin (acne indurata), 

A small cutaneous tumor, about 4 mm. in diameter, was found by Sehrt^ to 
be a calcified simple dermoid cyst of the skin in the lime masses of which osseous 
and bone-marrow formation had occurred. Here and in other forms of bone 
formation in the skin — ossification of calcified retention cysts of the cutaneous 
follicles, occurrence of true bone formation in tumors (lipomata, lymphangiomata, 
etc.) of the skin, in chronic inflammatory processes, in so-called adipose-tissue 
stones — ^there is always primaiy^ tissue necrosis with secondary calcification followed 
by metaplastic bone formation from connective tissue. 

Anasarca, or hyposarca, is due to serous infiltration, of the subcu- 
taneous tissue. In this condition the skin is swollen and cither (1) firm, 
elastic (“elastic edema") or (2) doughy in con.sistency and pits on 
pressure. In the former case the structure of the subcutaneous tissue is 
loosened (porous) and the fluid can readily be displaced by pressure. 
Anasarca occurs as congestion edema in general or local circu- 
latory disturbances, and as d y s c r a s i c and f 1 u x i o n a 1 edema. 
So-called papillary edema occurs in circumscribed form and causes 
flattened elevations (edematous papules, wheals, e.g., in urticaria) of the 
.skin which gradually slope off to the level of the surrounding parts. 
Both anasarca and [japillary edema may be caused als<^ by K>cal irritation 
(insect stings, nettles, poi.son ivy, drugs, and certain articles of diet: 
shellfish, strawberries, etc.) and reflex nervous influences (a’rfcma/t/(7a.r). 
Chronic edema may be followed by hyperplastic and indurative states of 
the skin (elephantiasis). 

Inflammatory processes of the .skin (dermatitis) are either 
superficial, involving only the papillary bodies and epidermis, or deep, 
involving the cutis and subcutaneous tissue, and may be acute or chronic. 
The causes may be mechanic, thermic, chemic, or infectious or trophic 
agencies. 

Phlegmon of the skin is a suppurative process accompanied by 
mortification and sloughing of necrotic masses. It runs its course prin- 
cipally in the subcutaneous adiiK)se tissue and generally extends to the 
fa.scia; sometimes, however, after penetration of the fa.scia, it rapidly 
advances to the periosteum, destroying more or less everythingjn its way 
(muscles, tendon-sheaths, tendons, and even bones). Phlegmon very 
frequently occurs on the finger : felon, whitlow, periphalan- 
geal cellulitis (panaritium). The lymph -glands of the parts 
are always swollen; acute lymphangitis often occurs and some- 
times also the lymph-glands suppurate. Phlegmon begins as 


1 Virchow’s Archiv, Bd. 200, p. 395. 



THE SKIN. 


947 


a small, itching or painful red spot or as a small vesicle upon a red base. 
When the process becomes circumscribed, a small ulcer, which may gran- 
ulate and cicatrize, develops as a result of sloughing of the necrotic parts. 

The terms furuncle, boil are used to designate a phlegmo- 
nous inflammation which is circumscribed throughout its 
course; usually dissecting suppuration in the neighborhood of a dead 
hair follicle. Under certain conditions secondary phlegmons may 
develop from a furuncle, when circumstances of any nature favor the 
further extension of the primarily localized affection. 

Carbuncle is a localized g a n g r e n o u s nodule of the skin 
which may develop as the result of the eruption of a number of furuncles 
in the same locality. I'urthermorc, the name carbuncle is employed to 
designate the gangrenous nodule of the skin causetl by the anthrax bacil- 
lus, (See p. 488.) It dififers from furuncle chiefly by the fact that 
gangrene occurs early, which process is never observed in simple furuncle. 

Vesicular and pustulous inflammations of the skin stand parallel 
with catarrhal affections of mucous membranes. The hard, firm, 
horny layer prevents the appearance of the exudate upon the sur- 
face; therefore, the horny layer is elevated and the exudate accumu- 
lates beneath it. In this manner vesicles and bullai are produced, 
which sometimes contain a clear, sometimes a jninilent or hemor- 
rhagic, exudate, according to the nature of the process. 

Emphysema of external parts is an infiltration of the cutis and 
especially the subcutis with air. It devckips in injuries and wounds of the 
skin, sometimes -iin connection with cm])hysema of the lungs or the air 
passages, fir in connection with o])erations. 

In herpes to creci>), tetter, groups of small vesicles 

develop upon a red base, and after a short time desiccate. The location 
and distribution of these vesicles sometimes correspond to certain nerve 
areas of the skin, c.r/., in herpes ':oste)\ Herpes facialis occurs most 
frequently uj>on the lips as herpes labialis, either iiliopathicly or syrnp- 
tomaticly in severe, acute infectious diseases. 

Bittorf^ reports a case of renal colic accompanied by herpes zoster in which 
for six months cutaneous pain always occurred coincidcntly with the colics, .\ccord- 
ing to Head, zones of the surface of the body (so-called Head zones) correspond 
to a series of internal organs the sensory supply of which arises from the same 
segment level of the spinal cord through which passes the sympathetic innervation of 
these organs. In the case in question this zone was in the cutaneous region desig- 
nated by Head as typic of renal diseases (10 and 12 dorsal segments). In this 
connection Bittorf also draws attention to other zones, especially on the inner side 
of the left upper arm and particularly the ulnar side of the forearm and the hand, 
where, in coexistent aortic sclerosis, paresthesias and pain may occur. 

' ^Deutsch. med. Woch., 1911, No, 7. 
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MHiaria^ 8udamitia» miliary eruption, prickly heat, consists in the 
rapid eruption of very small vesicles with red areolae in connection with 
profuse perspiration. The vesicles occur also in connection with a 
number of infectious diseases (typhoid, puerperal fever, etc.), particularly 
upon the torso. The vesicles generally disappear after a short time. 

Eczema, moist tetter, humid or running scall, is an affection begin- 
ning with intense swelling and redness of the skin, papules, vesicles, and 
pustules in which a reddened, moist surface is produced by rupture of 
the vesicles. When of long standing the skin gradually becomes thick- 
ened. Healing takes place by the development of new epidermis beneath 
scab formation. 

Pemphigus is characterized by the occurrence of large, at least 
hazelnut-sized vesicles (bullse). The contents of these large vesicles 
are serous or purulent, or colored red by hemorrhagic admixture. The 
vesicles are isolated or in groups. Pemphigus syphiliticus forms princi- 
pally large vesicles upon the palms ofl the hands and soles of the feet. 
Pemphigus chronicus is characterized by its chronic and often malignant 
course. The patients finally die from exhaustion: marasmus. 

Lichen, papular tetter, is a papular disease in which the papules 
persist as such and are not further altered, Le., do not develop into pus- 
tules, vesicles, etc. The papules are solid swellings of the skin, about 
the size of a millet seed, resulting from cellular hyperplasia of the papillae, 
which may subsequently undergo cicatrization. In lichen ruber planus 
flat and at first bright-red nodules, with a central depression and covered 
with epidermis showing white reticulate striations, de’^elop; in lichen 
acuminatus the nodules are small and scaly; in lichen scrofulosus flat- 
tened nodules, each of which corresponds to a follicular opening, occur 
the apices of which are covered with fine scales. 

In urticaria (nettle rash, hives) occur broad, flat, actively 
itching swellings of the skin (wheals) the centers of which are usually 
somewhat pale and the periphery bright red. These wheals generally 
disappear after a short time. Occasionally vesicles form upon the 
wheals. Nettle rash develops on contact with the stinging nettle, from 
the bites of insects, and in individuals with an especial disposition thereto 
after ingestion of certain foods (strawberries, crabs, etc.) and certain 
medicaments (morphine, quinine, etc.). In rare instances urticaria occurs 
as a chronic malady, which may persist for years without demonstrable 
cause. 

The term psoriasis is employed to designate a chronic affection, 
localized especially to the region of the knees and elbows, hairy portions 
of the head and the scrotum, in which dry, white, asbestoid scabs adhere 
quite firmly to a reddened and sometimes quite smooth, elevated base. $ 
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According to the size and form of the efflorescence are differentiated 
psoriasis punctata, psoriasis guttata or nummularis, and psoriasis diffusa. 

Scleroderma begins with hard infiltration and results in board-like 
induration of the skin, which generally is associated with cicatricial con- 
traction. 

Bums and freezing (combustioncs ct congelationes) manifest a 
certain parallelism. (See p. 8.) In both, three different degrees are 
differentiated according to the changes in the skin. The first degree of 
burn is that of erythema^; the second the bullous stage ; the 
third degree is that of charring, carbonization. In freezing 
of the first degree redness also is observed : livid color ; then complete 
anemia develops, which leads to the second degree, that of vesiculation. 
In freezing of the third degree gangrene occurs. This reactive change 
occurs rapidly on action of high temperature ; slowly in freez- 
ing. The different degrees are designated as dermatitis erythematosa, 
bullosa combustionis, and gangreenosa congelationis. In the first and 
second degrees of burn the papillary body of the skin is not destroyed; 
consequently, healing without cicatrization results. Cicatrization after 
the third degree of burn is accompanied by intense contraction, which 
in large scars may have the severest consequences. 

After freezing of the first degree, especially when the same part is 
repeatedly affected, so-called chilblains, perniones, develop, i,e., 
inflamed and swollen areas, which often itch severely and sometimes are 
painful. 

Excoriation of the skin, cutaneous abrasions, result from a blow, 
scratching, etc., extend to a variable depth, but usually involve only the 
epithelium and then heal by scab formation without cicatrization. 

Ulcers (see p. 179), ulccra cutanea, differ much in character accord- 
ing to their etiolog}" and evolution. Chronic crural (varicose) 
ulcer, which Occurs in connection with venous congestion, especially 
varices of the leg, is a very frequent affection, characterized by slight 
disposition to heal. While there is a tendency to the formation of granu- 
lation tissue in the base and margin of the ulcer, this leads only to partial 
and transitory cicatrization, which in turn disintegrates and thus increases 
the ulcerated area. The course often extends for years ; the margins of 
the ulcer* and surrounding parts gradually thicken, become callous, and 
fhent hinder completely the covering of the granulated wound surface 
with epidermis. Epithelioma not infrequently develops from an old 
ctttral ulcer. Crural ulcers usually start from small, insignificant excoria- 
tions when these are subjected to continued irritation. As a rule, the 

^ lEfytiiema is a hyperemic reddening uniformly distributed over a large area 
'the skin, which. disappears on pressure with the finger. 
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scars are strongly pigmented, very thin and delicate, perfectly smooth, 
and unaccompanied by contraction. Periosteal proliferations and new 
formation of bone are not rare. r 

Malum or ulcus perforans, called also, from its frequent location, 
mal perforant du pied (Nclaton), is an affection characterized by its 
painless and progressive course. The process usually occurs upon the 
soles of the feet, especially in the region of the metatarsophalangeal 
joints, or the skin of the heel. It begins with suppuration beneath a 
hornified area of the skin and soon extends into the depth, sometimes 
destroying llie bones and joints. The affection occurs also in children. 
It is probably of trophoneurotic origin, since it occurs es|5ecially in the 



Fig. 501. — Epithelioma contagiosum in long diameter.^ a, epidermis; b, 
connective tissue; c, sebaceous glands: d, gland-like epithelial proliferations; 
e, parasites; f, hornified cells, mingled with “parasites'’; y, excretory ducts 
filled with hornified epithelia and parasitCvS. ' X 15. (After Ziegler,) 

course of affections of the central and iierifilicral nervous system (tabes, 
etc.) and in the nervous form of lc])rosy. In certain cases atrophy of the 
nerves and disturbances of sensation (anesthesia, analgesia) and trophic 
disturbances (hypertropliy of the epidermis) are observed in the region 
of the ulcer. The affection occurs also in diabetes mellitus, and as a 
result of obliterating vasculitis (arteriosclerosis). 

Epithelioma molluscum (molluscum or cpithcl0ma contagiosum, 
cystic condyloma) is a communicable cutaneous affection characterized by 
the formation of pinhead- to pea- sized, occasionally larger, waxy-glisten- 
ing, semitransparent, rounded or warty nodules occurring, either isolated 
or in groups, with considerable frequency, especially in children, upon 
the face, neck, flexor surfaces of the extremities, penis, scrotum, and 
labia. The nodules, which are painless, do not itch and have a central 
depression, persist for weeks, months, or even years, and may spon- 
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Fig. S02. — ^Fatal fetal ichthyosis. Case of Dr. Annie S. Daniel. 
(After Fischer.) 
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taneously disappear. Histologicly, the molluscum nodule consists of a 
gland-Hke, epithelial new formation, resembling a hypertrophied sebaceous 
gland (see Fig. 501), originating from the epithelial layer of the skin. 
Within the epithelia and central portions of the nodule are found 
numerous molluscum corpuscles which are regarded by some 
authorities as protozoa and the etiologic factors. 

Callosities of the skin (tylosis, keratoma, tyloma) consist 
of a hyperplasia of the epidermis. If the papillary body atrophies under 
pressure of the hyperplastic epidermis, corns (c/at/«j) develop. Some- 
times horn-like and claw-like elevations of the hornified epidermis de- 
velop as the result of thickening of the epidermis; such a formation is 
designated as skin or cutaneous horn (cornu cutaneum). 

Ichthyosis, fish-skin, is an analogous condition, a diffuse keratosis, 
in which the skin acquires a certain resemblance to fish-scales. It is 
essentially an intense thickening and fissuring of the horny layer, usually 
accompanied by pigmentation and gradually increasing elongation of the 
papillae. 

In onychogryphosis the nail is thickened, attenuated, and bent 
anteriorly; it gradually assumes the form of a claw and becomes ex- 
tremely hard. The nail-matrix is always shortened, diminished, and 
arched ; the nail walls are enlarged and often covered with papillae. Claw- 
like nails can very readily be lifted from the nail-bed, and develop as a 
result of chronic inflammation of the nail-matrix. 

Onychomycosis is an affection of the nail due to infection with the 
fungi of favus and herpes tonsurans. Paronychia Is* an inflammation 
of the naihbed with termination in suppuration. It may be due to local 
causes or occur as a manifestation of syphilis. 

In advanced age the skin atrophies (senile atrophy), in 
that it becomes thinner, less elastic, and more deeply pigmented ; the hair 
follicles atrophy and result inlossofthehair (alopecia senilis). In 
a similar manner atrophy occurs in chronic diseases of the skin and 
in continued pressure, e,g., from tumors. 

The scars of pregnancy, strice abdominis gravidarum, develop 
as a result of stretching of the skin and subcutis with separation of con- 
tinuity. They are at first red, later white and glistenii!|^. The papillary 
bodies are lacking within the striae, and the whole cutis is somewhat 
thinner in these localities. 
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THE CONJUNCTIVA. 

Anatomy. — The conjunctiva may be compared to a sac extending from the 
margin of one lid to that of the other, lining the lids, and covering the anterior 
surface of the sclera. At the lid margins it merges with the skin, where, as under 
similar conditions in other parts of the body, the junction of skin and mucous 
membrane is a favorite site for the development of pathologic processes. 

The anatomic divisions of the conjunctiva are : 1, conjunctiva palpebriprum, 

which covers the tarsal cartilage and the remaining portion of the lid lined with con- 
junctiva; 2, conjunctiva fornlcis, i.c., the folds of transition, which extend between 
the palpebral conjunctiva and the eyeball, and, 3, conjunctiva bulbi, which covers 
the anterior portion of the sclera. The region where it meets the cornea is known 
as the limbus. 

Histologicly, the conjunctiva is divided into an epithelial portion and the 
mucosa. The epithelial portion varies in different parts as follows: The 
edge of the lid (i n t e r m a r g i n a I zone) is covered with stratified epithelium 
which extends for a short distance over the inner tarsal surface. The palpebral 
conjunctiva is supplied with two layers of epithelium : the superficial, consisting of 
high, perpendicular c y 1 i n d r i c cells wdth long, oval nuclei the long axes of 
which correspond to those of the cells. The cells of the deeper layer are smaller 
in size and placed hori 2 ontaIl 3 \ This double epithelial layer exists only on the tarsi, 
and this arrangement is varied by interposition of extra cells, the number of which 
increases toward #hc bulb, where a depth of several layers is attained. Here the 
superficial layers are flattened. At the limbus the epithelial covering is reduced to 
three layers. 

Throughout the conjunctiva are found peculiar beaker or goblet 
cells, especially on the bulb and fornix ; they are similar to, but not identic with, 
the goblet cells of the intestine. They furnish mucin and are unicellular mucous 
glands. The m i^c o s a consists of tw'O layers. The first, lying directly beneath 
the conjunctiva and known as the substantia propria, or adenoi 1 layer, consists of 
a fibrous reticulum filled with lymphocytes. It varies in thickness in different 
regions. The second, or deep, layer is thicker than the adenoid layer, and consists 
of fibrous tissue containing a large number Of elastic fibers. On the tarsus it is 
simply a continuation of the tarsal cartilage. Owing to its density, it is not easily 
invaded by cells. The blood-vessels and nerves are conveyed through this layer. 
In the ncflrmal conjunctiva, papillae are found only at the limbus. They are few 
in number and consist of projecting digitations of the substantia propria covered 
with epithelial cells. More or less undulation always exists in the adult conjunctiva, 
which is smooth only in infancy before development of the adenoid tissue. Henle 
mistook the depression between the conjunctival folds for tubular glands, and for 
topographic reasons these pockets still retain the name of Henle’s glands. It is 
still undecided whether or not true tubular ^^lands exist in the conjunctiva. Krause’s 
glands are accessory lachrymal glands differing histologicly in no way from the 

( 953 ) 
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lachrymal gland. They are deeply situated in the conjunctiva of the fornix, 
although they exist elsewhere. There are 40 or more in the upper and 6 to 8 in the 
lower lid. At the inner canthus, the conjunctiva forms a fold : the plica semilunaris. 
It is a rudimentary nictitating membrane and may contain cartilagO or a racemose 
gland. The caruncle is a small island of skin at the inner palpebral angle. 
It contains the structures of both skin and conjunctiva, including goblet cells 
and glands resembling Krause’s glands. 

In inflammatory processes the separate, differently constructed por- 
tions of the eye present certain peculiarities which are explained* partly 
by the position, partly by the structure, of the tissues involved. Only 
the cornea and the conjunctiva have a free surface, and of these the 
conjunctiva tarsi and the conjunctiva fornicis are covered with cylindric 
epithelium. The conjunctiva bnlbi and the cornea are covered with lamel- 
lated squamous epithelium. The difference in reaction to inflammatory 
irritation closely depends upon this difference in the epithelial covering. 
Thus, in inflammations the conjuncthuv tarsi ct fornicis, like those por- 
tions of the digestive tract provided with cylindric epithelium, are partic- 
ularly disposed to produce a free catarrhal exudate, while the cornea 
in its behavior acts more like the external skin. The conjunctiva bulhi 
stands in a measure midway between the cornea and the remaining por- 
tions of the conjunctiva. 

In mild cases of fresh catarrhal conjunctivitis, the con- 
junctiva tarsi and conjunctiva fornicis are principally involved. The 
catarrhal product is either watery, mucoid, purulent or mixed. It must 
be remembered that a part of the watery fluid is generally derived from 
the augmented secretion of the lachrymal glands, becausv^ in most cases 
of catarrhal conjunctivitis, especially when accompanied by profuse ex- 
udation, the lachrymal gland also is stinndated to increased secretion. 
In the mildest type of conjunctivitis the only discharge is lachrymal 
secretion and a few epithelial cells. In the violent forms of acute catar- 
rhal conjunctivitis the conjunctiva bulhi also is involved j. this is the so 
called catarrhal or purulent ophthalmia. 

Acute conjunctivitis occurs in connection with certain diseases {c.g., 
measles, conjunctivitis exanthcmatica) as well as independently. In 
many cases it is caused by the use of drugs {c.g., atropine: atropine con- 
junctivitis) or by foreign bodies, etc. 

Certain clinic types of conjunctivitis are due to the action of* specific 
micro-organisms. Diphtheritic conjunctivitis results from the 
presence of the Klebs-Loffler bacillus. It is frequently, how- 
ever, a mixed infection, the associated bacteria being streptococci and 
staphylococci. The membrane which forms is composed of a fibrinous 
reticulum infiltrated with leucocytes; and in severe cases extends into the 
subepithelial tissues. (See p. 523.) 
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The gonococcus, probably, is responsible for all cases of oph- 
thalmia neonatorum occurring within three clays after birtli. Further- 
more, patient^ suffering from gonorrhea may convey the contagion to 
the conjunctiva (autoinfection). Gonorrheal conjunctivitis is occasion- 
ally metastatic, 1 endogenous infection taking place in the conjunctiva, 
as in the iris and joints (gonorrheal rheumatism). This type is milder 
than the inoculated form. In this connection it should be noted that 
gonorrhea is freciucntly a mixed infection. In inoculated cases the phe- 
nomena produced in the conjunctiva by the activity of the gonococcus 
exemplify blennorrhea in its severest form. The gonococcus is said 
to penetrate the uninjured epithelium of the cornea, hut it is doubtful 
whether any micro-organism possesses this power. ( Sec footnote, p. ^>80.) 

Streptococci located in the conjunctival sac may or may not cause 
severe inflammation of the structures in this region. Their exclusion 
from the sulKonjunctival tissue depends upon the integrity of the surface 
epithelium. Dorian Smith found streptococci in the conjunctival sac in 
a case of dacrycx'ystitis, but they did not cause severe conjunctivitis. 
Strcptoc<x'ci have been found in .serious ty])es of conjunctivitis, in which 
instance the preauricular glands were enlarged and iritis was present. In 
this infection the cornea may he perforated and the eye lost from pan- 
ophthalmitis. In such ca.ses infection probably occurs through the agency 
of the discharge from a i)urulent dacryocystitis. In some cases a mem- 
brane is formed upon the conjunctiva. Fatal cases have been reported in 
children. 

Parinaud*-^ conjunctivitis is a severe form accompanied by fever. 
It is characterized by the i)rcsence of granules in the tarsal and retro- 
tarsal conjunctiva, d'he preauricular glands arc enlarged and sometimes 
break down. This affection is said to be due to slrept-.K'occic infection 
of the conjunctiva, but this view has not been established. 

The Koch-Weeks bacillus is a common cause of mucopurulent con- 
junctivitis. The pathologic changes consist of congc.stion and diffuse 
round-celled infiltration of the tissues. Follicles do not form in cases 
of unmixed infection. 

The diplococcus of Morax-Axenfeld produces a blepharoconjuncti- 
vitis with scanty mucopurulent discharge and greatly increased lachryma- 
tion. Krom characteristic redness at the angles of the lids and adjacent 
skin, it is sometimes called “angular conjunctivitis.” It is 
occasionally accompanied by asthenopia. Infiltration of the periphery of 
the cprnea may be present. Hy most authorities the disease is considered 
to be contagious. Stock and Ilrown Pusey have reported histologic exam- 

^Axenfeld: “Die Bakteriologic in der Augenheilkunde/^ Jena, 1907, pp. 118 
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illations of cases. They found epithelial ingrowth at the corneal limbus 
and on the tarsal borders, and epithelial proliferation and desquamation on 
the tarsal conjunctiva. The bacteria were found between superficial layers 
of epithelium and in the so-called glands of Henle. Necrosis of central 
cells in the epithelial ingrowths lead to small ulcers. Involvement of 
Henle’s glands tends to render the case intractable. 

Pneumococcic conjunctivitis sometimes prevails as an epidemic. 
The secretion is usually thin and accompanied by increased lachrymation ; 
occasionally it is mucopurulent or membranous. Small conjunctival 
hemorrhages are frequent, especially in the upper lid. 

Other micro-organisms suspected, but not proved, to be specific 
causes of conjunctivitis are the Bacillus influenzct, indistinguishable 
microscopicly from the Koch-Weeks bacillus ; the Bacillus coli communis, 
which is considered also to be an occasional cause of hypopyon keratitis; 
the Bacillus pneumonia:, probably identic with the bacillus of ozena; the 
Bacillus pyocyaneus, and the Staphylococcus aureus and albus, which are 
frequently associated with conjunctival and corneal disease. The exposed 
position of the conjunctival sac and cornea renders it difficult to estimate 
the influence exerted by these and other common forms of bacteria which 
are often present in apparently healthy eyes. 

The xerosis bacillus is found in enormous numbers in xerotic 
conditions of the conjunctiva. The white film which accumulates upon 
a xerotic patch is frequently a pure culture of this micro-organism. It 
is not, however, accepted as the etiologic factor in xerosis conjunctivee. 
It is the most frequent inhabitant of the normal conjunctiva, and the con- 
ditions existing in xerosis are particularly favorable for its development. 

The morbid anatomy of acute conjunctivitis is that of inflammation 
in other parts of the body, varying in degree according to the severity of 
the attack. If at all marked, the changes consist of increase in the num- 
ber of goblet cells in the epithelial layer, distention of blrod-vessels and 
migration of leucocytes, serous effusion into the submucosa, excessive 
proliferation of lymphocytes in the adenoid layer, and the presence of 
mast-cells and plasma-cells. The acute form of catarrhal conjunctivitis 
usually subsides, leaving no permanent anatomic alterations. If, however, 
the catarrh persists or frequent recidives occur, chronic catarrhal 
conjunctivitis results. The mucous membrane is gradually thick- 
ened and thrown into folds, ^ forming papillary elevations and greatly 
deepening the normal furrows, which, in connection with increased pro- 

1 In elderly persons the mucosa of the eyelid is usually somewhat uneven, 
velvety — not smooth as in young individuals. This likewise is due to the forma- 
tion of folds and very gradual accumulation of lymphoid cells, and is genendly 
somewhat inaccurately designated as “papillary condition” of the conjunctiva. 
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liferat!^ of the surface epithelium, results in a gland-like formation 
between the papillae. The goblet cells also are enormously increased in 
number. Large numbers of lymphoid cells accumulate in the tissue of 
the mucosa and may form follicles. Cysts may form from agglutination 
and retention of surface epithelium. In late stages of this condition, 
especially when associated with ectropion, the epithelium may become 
cornified. 

Follicular Conjunctivitis. — Besides the chronic conjunctivitis which 
follows acute attacks, which sometimes is attended by the formation of 
follicles, there is a special form, known as follicular conjunctivitis, which 
is never a sequela of catarrhal conjunctivitis. It is often mistaken for 



Fig. 503. — Granular ophthalmia. (After T. Jones.) 

0 

trachoma, which also is attended by the formation of follicles. Follicular 
conjunctivitis is characterized by the formation of round, pinhead-sized, 
pale granules which are elevated above the surface. The most marked 
development of the granula is in the fornix, where they usually are 
arranged in rows running parallel with the folds. As a rule, two or 
three rows are present, although in severe cases the er.tire conjunctiva 
may be involved. (See Fig. 503.) The development of the follicles is in 
response to the action of some irritant— ^hemic, thermal, or bacterial — 
upon the conjunctiva. They are a marked feature in cases of atropine 
and eserine conjunctivitis. Follicular conjunctivitis prevails among chil- 
dren in Aowded schcx)ls, where the conjunctiva is exposed to the irritant 
action of foul atmosphere, etc. It is sometimes observed in cases of 
uncorrected errors of refraction and is then attributed to eye-strain. As 
a rule, 'in follicular conjunctivitis the eye is free from irritation even where 
the granulations are exuberant. Other cases are attended by catarrhal dis- 
charge. In the latter case it is probable that bacterial infection has been 
added to a follicular conjunctivitis. The prevalence of the so-called acute 
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form in overcrowded asylums is explicable when it is considered that* 
as a result of environment, nearly all the inmates have follicular con- 
junctivitis. This, however, offers no protection against bacterial infec- 
tion; catarrhal or purulent conjunctivitis occurs in eyes previously 
affected with follicles. When the exciting cause is removed, follicular 
conjunctivitis subsides, leaving no trace of its existence, differing from 
trachoma, which results in cicatrization. As in the first stage of trachoma, 
the follicle consists of an accumulation of lymphoid cells. Therfe is no 
ground, however, for assuming that the disease is a precursor of trachoma. 

Trachoma, granular conjunctivitis {conjnnctkntis trachomatosa: 
ophthalmia Aigyptica, s. militaria, s. contagiosa). This form of con- 
junctivitis was intraluced from I^gypt at the beginning of the last cen- 
tury. Its similarity to follicular conjunctivitis consists, in the forma- 
tion of follicles in the rctrotarsal folds; otherwise, the two diseases differ 
widely. The disease is highly contagious. Although usually chronic in 
course, it may assume an acute form. Fuchs regards the acute type 
always as a superadded infection. It is, however, difficult to accept this 
conclusion in view of ex[)erimental inoculations which have produced 
active reactions upon human conjunctivas. According to Frosch and 
Clausen, the period of incubation in trachoma is about ten days. WtX)tton 
has found it to be seven days. 

Trachoma is a disease attended by lachrymatioii, photophobia, great 
discomfort, and sometimes pain. Usually vision is more or less dimin- 
ished in all stages. Some ptosis exists from thickening of the conjunc- 
tiva and increased weight of the lid, which may be enhanced by closure 
of the lid from intolerance of light. I'he conjunctiva of the tarsi and 
fornices is red and thickened, so that the Ii1eilx)mian glands can no longer 
be traced. This is due to the formation in the membrane of both fol- 
licles and p a p i 1 1 as . Probably, in all cases of trachoma, follicles and 
papillae coexist. The predominance of one or the otheV, however, has 
led to the division of the disease into two forms, i.e., the papillary 
and the granular. The papillary form of trachoma is exclusively a 
disease of the tar.sal conjunctiva, particularly of the upper lid. The size 
of the papillae varies ; when small they give the surface a velvety appear- 
ance; when large they may assume a villous character. In this form 
granules also are present, but are hidden between the papillae. Tlie gran- 
ules grow deeply into the tarsus, and in this situation are pathognomonic 
of trachoma. The granular form is characterized by the formation of 
follicles called trachoma granules. They are round, gray, translu- 
cent bodies, imbedded in the conjunctiva, projecting somewhat above 
the surface, and presenting a hemis|)heric appearance. From their trans- 
lucency they have been compared to grains of boiled sago or frog spawn. 
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Their favorite site is along the folds of transition, where they exist in 
great numbers. They end abruptly where the conjunctiva is reflected on 
to the eyeball*— the point where cylindric epithelium ends and stratified 
epithelium comanences. The latter appears unsuited to their development, 
although in advanced cases, where histologic distinctions are not marked, 
trachomatous material may be found even upon the cornea. The granules 
are so thickly crowded together that they sometimes coalesce, forming 
exuberant masses. This condition has been called gelatinous tra- 
choma. Trachoma granules frequently appear on the semilunar fold. 
TraclK)ma granules without papillary hypertrophy are seldom if ever 
observed. 



Fig. 504. — Trachoma, showing round, opaque bodies in upper and lower lids. 

Sago-grain” type. From a photograph. Frequent type seen in children 

Retrogression of the granules and papillje is attended by the forma- 
tion of cicatricial tissue, which appears on the conjunctiva of the tarsus 
in the form of narrow, whitish lines. In the fornix the cicatrization 
proceeds as a gradual thinning and absorption of tissue, until the folds 
have entirely disappeared. The amount of sii])sequent cicatrization is 
greatest in cases where the conjunctiva was most hypertrophied. As the 
disease Advances, the limbus and cornea are invaded. Trachoma of the 
cornea is attended by the growth of highly vascular granulation tissue 
designated as p a n n u s . Superficial ulcers are common in pannus, but 
do ncft usually terminate in perforation, owing to the vascularity and 
consequent increased reparative power of the cornea. Trachoma is very 
insidious, and if not cured in the early stages it leads to great impairment 
of vision and even blindness. 
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Although trachoma has for years been the subject of exhaustive investigation, 
many points in its etiology, symptomatology, and history arc still in dispute. Even 
its contagiousness is denied. In view of these conflicting opinij^ns, it must be 
remembered that trachoma is a disease of lymphoid tissue in which reaction to 
morbific influences is modified by individual idiosyncrasy and environment Jt is 
a matter of observation that under improved sanitary conditions advanced destruc- 
tive trachoma is less frequent than in former years. 

The young trachoma granule is histologicly indistinguishable from the follicle 
of follicular conjunctivitis. The fully developed trachoma follicle consists pi : — 

1. A capsule of fibrous connective tissue. This is not always present in the 
early stages. When very marked, it indicates commencing cicatrization. 

2. A vascular envelope surrounding the follicle and sending capillaries into 
the interior. 

3. The central, larger portion of the follicle, composed of a fine reticulum 
the meshes of which are filled with lymphoid elements. 

The epithelium of the conjunctiva is thickened. Furrows, epithelial ingrowths, 
and gland“like formations appear. There is round-celled infiltration of the con- 
junctiva surrounding the follicle. A variety of cells appear in a trachoma follicle 
during the different stages of development. The following are constant and 
characteristic: The predominating cells which make up the central portion are 
large, mononuclear leucocytes, containing granular nuclei which frequently are very 
small. Sometimes they assume an epithelioid appearance. These cells exhibit 
karyokinesis. The peripheral zone of the follicle is largely made up of small 
lymphocytes with a very scanty protoplasm. Karyokinetic figures do not appear 
in these cells. Their number is greatly increased in the interior as cicatrization 
progresses. The conflicting views regarding the character of the corpuscular cells 
(Korperchenzellen : Leber), phagocytes (Villard, Pick), conncctive-tissuc cells 
(Addario), epithelial cells (Omeltschenko, Frosch and Klausen), is sufficiently 
indicated by this list of names. The name suggested by Leber, is preferable, inas- 
much as it embodies no theory. These cells are scattered throifj^hout the central 
portion of the follicle, especially in the early stages of its development. They are 
very large cells with irregular protoplasmic processes and large, round or oval, pale, 
homogeneous nuclei containing one or more nucleoli. They are particularly in- 
teresting from the presence of cell inclusions. The latter vary, but usually consist 
of pigment granules, red blood-cells, cellular debris, and especially peculiar hyaloid 
bodies of rounded or angular form which have by many been rega*rded as parasites. 
Mast-cells are found peripherally, but their presence cannot be consid€i|^d peculiar 
to trachoma. 

Bacteriology. — ^Although little doubt exists as to the parasitic nature of 
trachoma, it has thus far been impossible satisfactorily to establish the identity of 
the micro-organism. At various times the disease has been attributed to a variety 
of organisms. Hirschberg and Krause isolated a bacillus; Sattler a diplococcus, 
etc. Microsporon and protozoa also have been looked upon as etiologic factors. 
Pigment granules are found in the trachoma follicle; Krudener, observing that they 
possessed ciliated movement, named them Wimmelzellen. This motion appears 
previously to have been observed by Leber. Halberstadter and Prowazek foqnd in 
the epithelial cells of the conjunctiva cell inclusions (small granulations) situated 
tn the protoplasm next to the nucleus, in Javanese and orang-outangs with trachoma. 
They failed, however, to find these bodies in the interior of the follicle or in ad- 
vanced cases. Frosch and Clausen, working with Greeff, confirmed these findingt 
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and also found the same or similar bodies inside the corpuscular cells and in the 
discharge from untreated cases. Their most important discovery was the presence 
within the corpuscular cell of a barely visible diplococcus surrounded by a zone. 
These investigators regarded the cell inclusions (granula) as masses of these 
diplococci. Culture experiments were negative. These findings were invariably 
absent in control cases of catarrhal conjunctivitis. These so-called trachoma bodies 
have been found in ophthalmia neonatorum, and in the gonorrheal urethra of 
both sexes. 

Traijs formation of the young trachoma granulations into scar-tissue always 
causes a permanent change in the conjunctiva. If the scar-tissue which forms is 
slight in amount, little or nothing is perceptible externally ; only the fold of transi- 
tion is sclmewhat shortened, and this may cause slight inversion of the margin of 
the lid (entropion). This was formerly believed to be due to shortening of the 
tarsal conjunctiva; at present, however, entropion in trachoma is considered to be 
the result of tissue changes in the tarsus itself. Central softening and bending 
or total atrophy with substitution of fibrous or fatty tissue may occur. 

In severe retraction of the scar-tissue (cicatrizing trachoma) the following 
changes are observed: — 

1. Marked bending of the tarsus,^ the concavity directed inward. 

2. Inversion of the margin of the lid: entropion, thus caused. 

In this condition the inner margin of the lid usually disappears and the cilia 
are directed toward the globe : trichiasis. When the connective-tissue pro- 
liferation extends to the Meibomian glands and the follicles of the cilia, the former 
atrophy and the cilia fall out with advance of cicatrization. 

Sometimes erosion and ulceration develop in the acute stage, which, on further 
progress, are followed by agglutination and adhesion of the apposed conjunctival 
surfaces. 

In very severe cases almost all of the conjunctival sac disappears , 2 and only 
a more or less small, .dry, gray seam covered with hornified epithelium remains 
between the margin^ of the lids and cornea. This state is called xerosis.^ When 
the cornea !s similarly altered, the condition is called xerophthalmia. 

Epitheliosis desquamativa conjunctivae is an affection described by 
Leber and v. Prowazek,** characterized by swelling of the palpebral and 
chemosis of the bjilbar conjunctivse, desquamation of the epithelial cells, 
and later follicular swelling. While the affection greatly resembles 
trachoma, thlE^^ above-named authors regard it as a distinct disea.se. In the 
early stage the secretion contains chiefly q'^ithelial cells and comparatively 
few leucocytes. In the second stage the characteristic desquamation 
ceases and the secretion assumes the character of that observed in chronic 
catarrhal conjunctivitis. At the end of this stage corneal ulceration and 

^At first, usually associated with thickening; later, not rarely with fatty 
metamorphosis. 

2 In this condition the excretory ducts of the lachrymal gland, the tarsal, hair- 
follicle, ahd conjunctival glands may completely disappear. All moistening of the 
coKijtsiietiva then ceases; the mucosa becomes dry and, finally, acquires an epidermis^ 
like appearance. 

* dry. 

< Berlin, klin. Woch., Jan. 30, 1911, p. 217. 
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perforation are particularly frequent, often resulting in leucoma aclhaerens, 
corneal staphyloma, and phthisis bulbi. The third stage is that of diffuse 
smooth white atrophy of the conjunctival epithelium. The cause of the 
affection is regarded by Leber and v. Prowazek to be peculiar cellular in- 
clusions described by them. 

In purulent conjunctivitis (conjunctivitis hlcnnorrhccica s, gonor- 
rhccica; blennorrhea) the whole conjunctiva is intensely swollen 
and reddened and the scleral conjunctiva often so strongly "involved 
that it surrounds the margin of the cornea like a steep wall. This 
intense swelling of the scleral conjunctiva is called chemosis.’ In this 
condition severe inflammatory edema of the lids usually exists, the ex- 
ternal skin of the lids also being involved. The conjunctival fold, how- 
ever, is always most intensely altered. 

The exudation consists at first in the secretion of a thin, pale-yellow, 
slightly cloudy fluid, mixed with isolated flocculi, which is richly albu- 
minous and characterized by coagulability. The exudate sometimes 
assumes a somewhat hemorrhagic character, because the strongly hyper- 
emic mucosa possesses a marked tendency to small hemorrhages (upon 
the free surface as well as in the parenchyma). This character of the 
exudate is usually very soon altered, becoming purely purulent within 
a few days (pyorrhea). Later, when the acute stage subsides, the 
exudate becomes mixed: mucopurulent. The rapid coagulability of the 
exudate results in the precipitation of coagula, even in the conjunctival 
sac. 

% 

This form of purulent conjunctivitis is most frequently observed in the new- 
born on the second or third day after birth (blennorrhea, or ophthalmia 
neonatorum) and is almost always due to infection with virulent vaginal secretion 
/during labor. In many cases the infection is caused by gonococci. This conjunc- 
tivitis gonorrharica (see Gonococcus, p. 497), or blennorrhwa gonorrhceica, is gen- 
erally accompanied by most violent phenomena. It is particularly feared because 
the process very readily involves the cornea and often very soon forms circum- 
scribed, purulent foci of infiltration in the corneal margin. This ulceration may 
rapidly extend toward the center as well as in the depth, and cause perforation 
and even complete destruction of the cornea. 

Purulent conjunctivitis is not always acute. It occurs also as a 
chronic affection. In the chronic, and sometimes also irf the acute, 
forms, proliferations develop in the conjunctiva, especially in the tarsal 
portion, which cause finely granular thickening of the mucosa. This 
chronic form of purulent conjunctivitis is characterized by 
repeated exacerbations and remissions; it is, therefore, a recurrent in- 
flammation which, in many cases, may likewise cause ulceration and 
perforation of the cornea. 



THE CONJUNCTIVA. 


963 

The type of conjunctivitis characterized by the formation of a 
fibrinous exudate: membranous conjunctivitis {conjunctivitis fibrinosa), 
is generally ai\ accompaniment of other conjunctivitides (particularly the 
diphtheritic). In very rare cases it is observed as a chronic recurring 
affection. In this condition the tarsal portion especially is involved. 

Aside from the Klebs-Loffler bacillus, membranous conjunctivitis is associated 
with a great variety of micro-organisms, particularly the pneumococcus, strepto- 
coccus, Maphylococcus, the Koch-Weeks bacillus, and gonococcus. It may follow the 
use of escharotics, chemic or thermal. A severe form is produced by the thrush 
fungus. An unusual form has been observed in connection with a skin disease: 
herpes *iris, cultures from which produced a membranous conjunctivitis in the eyes 
of rabbits. 

Diphtheria of the conjunctiva occurs in connection with, as well as 
without, faucial diphtheria. Like any other form of diphtheria, it is a 
superficial, necrotizing process with subsequent ulceration after dissec- 
tion of the dead part. When the diphtheritic process is confined to only 
a small portion of the conjunctiva, the danger to the cornea is compara- 
tively less than when a larger area, especially the scleral conjunctiva or 
the whole conjunctiva, is involved. In the latter case the whole cornea 
is always destroyed in like manner, and if the patient does not die shrink- 
ing of the conjunctiva and atrophy of the whole eye result. 
(See ]). 1004.) Superinfection may cause a purulent discharge. In such 
ca.ses the eye usually is lost. 

Phlyctenular conjunctivitis is the most frequent alteration of the 
scleral conjunctiva. It attacks almost exclusively young individuals up 
to puberty, particularly scrofulous children. Like all scrofulous affec- 
tions, it manifests a great tendency to recur and has, therefore, been 
called conjunctivitis scrofulosa or lymphatica, A microbic origin for 
this disease has not been established. It probably depends upon an en- 
dogenous poisoij. Its frequent association with improper feeding is very 
suggestive of autointoxication. Many of these cases exhibit reaction to 
the tests for tuberculosis. Notwithstanding this fact, it is difficult to 
accept tuberculosis as the cause of the affection except in a few instances. 

This affection begins with eruption of one or, more frequently, several 
phlyctenulae^ — small, nodular swellings close to the margin of the cornea. It for- 
merly wa^ supposed that after a brief period these were transformed into small vesi- 
cles which subsequently ruptured and discharged their contents, leaving small ulcers 
which healed within a few days without perceptible cicatrization. It has recently 
been stated that vesicle formation has never been microscopicly demonstrated in 
phlyctenular conjunctivitis. According to this view, a localized infiltration of 
mono- and polymorpho- nucleated leucocytes produces a small papule in the con- 
junctiva, the overlying epithelium separating and breaking down, forming a small 


1 Dim, of phlycteena: a blister, vesicle. 
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ulcer with indurate and crateriform walls, dt^ering in this respect from the 
flaccid walls of herpetic vesicles. The palpebral conjunctiva may be unaltered, 
though it is frequently the seat of a mucopurulent inflammation. 
This is sometimes so marked that it is the most prominent phenomenon and may 
then easily give rise to confusion with blennorrhea. 

The phlyctenulae vary in size and number. Generally, the smaller the number, 
the larger the size. Therefore, two forms are usually differentiated : — 

1. The broad phlyctenulae. 

2. The small phlyctenulae or miliary; conjunctivitis phlycttenulosa miliaris. 

In the former a few, comparatively large foci of infiltration, about 3 fo 4 mm. 
in size, develop at the margin of the cornea, which sometimes involve the cornea 
itself; in the latter numerous, very small vesicles develop at the limbus* cornea 
(hence named also marginal keratitis). Whenever the cornea is involved 
below Bowman’s membrane, small, delicate, superficial opaque spots remain upon 
the cornea: so-called macula cornea. 

Pinguecula,^ or pinguicula (so-called pterygium /arrfarcMWf, because 
it was erroneously supposed to be of a fatty nature). A very frequent 
change of the conjunctiva bulbi at the corneal margin, in the region of 
the palpebral fissure zone, is referable to local, so-called atmospheric 
influences (sand, dust, etc.). This is a small, triangular, pale-yellow, 
slightly elevated, chronic thickening of the mitcosa, which, owing to the 
yellowish color, is called pinguecula. The essential changes which 
constitute pinguecula take place in the subepithelial portion of the con- 
junctiva. They consist chiefly in an excessive proliferation of yellow 
elastic tissue and the deposit of amorphous hyaloid material. The latter 
results from degeneration of fibrous and elastic tis.sues. The deposit is 
at first honiogeneousi or finely granular, but afterwai'd , fuses into large, 
irregular masses. If pinguecula grows over the cornea it results in 
pterygium. It contains no fat, as its name would suggest. 

Pterygium^ ^ triangular or fan-shaped fold of mucosa, the apex 
of which grows to the cornea and the base directed toward the inner, or 
in rare cases the outer, angle of the eye, and merges with the scleral con- 
junctiva without sharp line of clemarkation. The portion adherent to the 
cornea is called the head; the portion between the head and base, the 
neck. So long as the pterygium continues to grow, it is called pro- 
gressive; when, however, the process ceases to advance it is called 
stationary. Anatomicly, these two forms are distinguished by the 
fact that fresh or progressive pterygium is very richly vascular (the 
vessels running in a direction toward the head of tlie pterygium), while 
stationary pterygium is quite pale, poorly vascular, tendinocicatricial, the 
stretched fold of . mucosa being transformed into a thin, tendinotis 
membrane. When the vascularity is slight and the hypertrophy mcon- 


I From pinguis: fat. 

8 rr4pv^ = diminutive of wing. 
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siderabk^ it is called membranous {pterygium tenue; see Fig, 505) ; 
ii the hypertrophy is excessive and the development of vessels great, 
resembling somewhat muscular tissue, it is designated as pterygium 
crassum, s. carnosum, s. vasculosum, (See Fig. 506.) This affection 
is observed in elderly individuals whose eyes are frequently exposed to 
local irritations. The lateral margins are always affected, but not the 
upper or lower margin, probably because these are better protected by 
the lids. 

Pterygia are classed as true {pierygium vera) and false {pterygium 
spuria, * pseudo pterygium) , F'uchs has demonstrated that true pterygium results 
from a pinguecula growing over the cornea and dragging a fold of conjunctiva 
after it True pterygium is progressive, at least up to a certain point. As it ad- 



Fig. 505. — Pterygium tenue. 
(Aftc^ Guthrie.) 


Fig. 500. — Pterygium crassum. 
(After Guthrie.) 


vances over the cornea, Bowman’s membrane is destroyed. Pterygium consists of 
modified conjunctiva (hypertrophy of the conjunctival and subconjunctival tissue). 
Tubular glands form upon the surface from reduplication of the epithelial layer. 
A probe can be passed only a short distance beneath the folded border of a true 
pterygium. Pseudopterygium results from agglutination of a conjunctival 
fold to the cornea. It may be <luc to corneal ulcer, acute blennorrhea, diphtheria, 
burns, operations, injuries, etc. It is nonprogressivc and never extends beyond the 
original point of attachment. The margin qC the cornea usually is bridged by the 
conjunctival fold and permits a probe to be passed freely beneath it. This is 
employed as a clinic test to differentiate true from false pterygium. 

The mobility of the eye is but seldom perceptibly interfered with by pterygium. 
As in most affections of the conjunctiva, the chief danger lies in more or less 
extensive involvement of the cornea. Two or three pterygia may occur on the 
same eye, covering the cornea with a thick veil and totally obscuring vision. The 
ancients called this condition p a n n i c u 1 u s . Pterygium should be distinguished 
from opacity of the cbmea (leu com a) and the cicatricial bands (sym- 
blepharon, q,v.) which often form between the palpebral conjunctiva and the 
globe or cornea after burns (hot metal, quicklime, acids, etc.) and trauma of the 
conjunctiva. 
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Epitarsus«— Under this name Schapringer has described a congen- 
ital anomaly of the tarsal conjunctiva which usually involves the upper 
lid, and, in the majority of cases, affects both eyes symnietricly. The 
configuration resembles that of pterygium. In typic cases nothing ab- 
normal is seen until the lid is everted, when a fold of mucosa, having the 
transition fold as a base, is revealed. The mucosa of the fornix appears 
as though it had been grasped by a wide-tipped forceps and raised to 
form a fold with an anterior and a posterior surface, the anterior Surface 
being glued completely, or nearly so, to the posterior (mucous) surface 
of the lid. This anomaly sometimes causes incomplete development and 
consequent inversion of the tarsus, which then produces the condition 
described as “congenital entropion.” Schapringer was the 



F'ig. 507. — Symblepharon. (After Mackenzie.) 

first to point out that congenital entropion is nothing but a complication 
of epitarsus. He claims amniotic adhesipns to be the cause of this mal- 
formation. 

Symblepharon^ is the formation of cicatricial adhesions between the 
conjunctiva of the lid and that of the globe. (See b'ig. 507.) These may 
result from injuries, operations, burns, and all forms of ulceration, and 
they frequently follow diphtheritic conjunctivitis. When the adhesion 
forms a bridge in the anterior portion of the conjunctival sac and does 
not reach the fornix, it is called symblepharon antcrius. If it extends to 
the fornix, so that a probe cannot be passed behind it, it is called sym- 
blepharon posterius. The latter form is difficult to remedy. A similar con- 
dition is caused by obliteration of the fornix from shrinking of the 
conjunctiva in trachoma and pemphigus. In symblepharon nearly all the 
conjunctiva of the lid may be adherent to the opposite side of the globe, 
or only a bridle-like strip may be present. In symblepharon cum cornece 
the conjunctiva adheres to the cornea. This condition may simulate 

^Syn: with, together; blepharon: the lid. 
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pterygium (q-v.). Complete adhesion of apposed conjunctival surfaces 
(symblepharon totalc) causes blindness. Partial adhesion limits the 
mobility of the globe and lids, so that sometimes the latter cannot be 
closed. These cases subsequently 1>ecome complicated by phenomena of 
irritation and inflammation of the cornea. 

In xerosis of the conjunctiva (xerophthalmia ; see Trachoma) 
the surface is dull, lusterless, dry, cpidermisdike, thickened, slightly 
flexible,, sometimes somewhat fatty from secretion of the Meibo- 
mian glands and fatty metamorphosis of the proliferated epithelia. The 
lachrymal secretion is not necessarily suspended, but the fluid secreted 
does not remain upon the surface of the mucosa. Later, the secretion 
of the lachrymal gland also ceases. Xerosis conjunctivae occurs after 
trachoma, seldomer after cauterization, burns, diphtheria, etc., and also 
as a result of continuous exposure of the conjunctiva, as in incomplete 
closure of the lids: lagoph thalmus, and in ectropion. 

Xerosis corneae is the analogous change of the cornea. In this con- 
dition the cornea loses its transparency and subsequently undergoes 
softening : keratomalacia. ( .See Cornea, p. 978. ) 

Vernal conjunctivitis (spring catarrh) is a form of conjunctivitis 
characterized by annual exacerbations, commencing with the advent of 
warm spring weather and continuing until the onset of winter. It is 
usually quiescent during cold weather. In typic cases the tarsal surface 
of the upper lid is studded with large, flat nodules covered by a bluish 
film resembling a thin layer of skimmed milk. This is due to prolifera- 
tion of the epithelial and fibrous layer, and conse(iuent increase of thick- 
ness. At the limbus there is thickening of the ocular conjunctiva, which 
may form a circumscribed tumefaction, or it may surround the cornea. 
The epithelium proliferates exuberantly also in the deep tissue between 
the nodules. The conjunctival connective tissues, especially the yellow 
elastic fibers, proliferate, the fibrous tissue api)arently predominating. A 
peculiar tubular arrangement of the epithelial cells is sometimes observed. 
Usually in the active periods a marked feature is the dense infiltration of 
the tissues by eosinophilic leucocytes, wlu’ch arc found in great numbers 
also in the discharge fnuii the eyes. These cells pass through the walls 
of the blood-vessels, travel along the lymph-spaces, and reach the surface 
by sque^ing through the interstices of the epithelial cells. Although no 
specific micro-organism has yet been identified, the affection is supposed 
to be microbic in origin. 

Qonjunctivitis petrificans (Leber) is characterized by the formation 
of small, hard, chalk-white plaques in the bulbar and palpebral conjunc- 
tivae, There is slight accompanying, conjunctivitis. Microscopicly, the 
disease is a degenerative process in which the surface epithelium may be 
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lost. Active proliferation of fibrous tissue and deposit of calcareous 
salts take place, and superficial areas of calcification form which may 
undergo necrosis as a result of hyaline degeneration and occlusion of 
adjacent blood-vessels. Eosinophilic leucocytes accumulate in great num- 
ber in the infiltration areas. 

Concretions form in the crypts and glands of the conjunctiva, and 
also in the Meibomian glands. Their formation is accompanied by a mild 
catarrhal inflammation known as lithiasis conjunctivitis. 

Ophthalmia nodosa (pseudotubercular conjunctivitis) results from the pres- 
ence in the conjunctiva of the hairs from certain species of caterpillars. Nodules 
form in the conjunctiva, cpisclera, and iris. The most common site is the ocular 
conjunctiva below the cornea. Clusters of gray or yellowish, semitranslucent 
tubercles, from 1 to 2 mm. in diameter, are formed. Microscopicly, they closely 
resemble true tubercles, but may be differentiated by the presence of the caterpillar 
hairs. 


Amyloid, hyaline, and colloid degeneration of the conjunctiva are 
terms which have been applied to a local affection characterized by the 
deposit of a homogeneous material in the stroma of the conjtinctiva. 
This nomenclature, based upon the affinity exhibited by the deposits for 
different dyes, has led to great confusion. It should be remembered that 
variation in staining properties of the products of degeneration does not 
necessarily indicate corresponding variation in the original pathologic 
process which led to the degeneration. It is, therefore, probable that these 
several names have been applied to one disease. It usually attacks young 
adults, and, as a rule, is unilateral. The highest development takes place 
in the loose tissue of the fornices. Histologicly, the epithelium is slightly 
increased in thickness as a result of edema. There is enormous hy{>er- 
trophy of the adeiioid layer, so that the conjunctival stroma appears to 
be converted into typic lymphoid tissue composed of a fine reticulum 
filled with round cells. The products of degeneration — apiyloid, hyaline, 
or colloid — appear first among the round cells, but ultimately replace all 
the conjunctival tissues. The process teiminates in calcification and ossi- 
fication. 

Syphilis.— -Primary chancre of the conjunctiva is occasionally 
observed. Its favorite sites are the fornices and edges of the lids. 
Gumma may appear also upon the conjunctiva. Microscopicly, the 
alterations resemble syphilitic lesions in other mucous membranes. 

Cases diagnosticated as chancroid of the conjunctiva have been 
described in medical literature (Foster). 

Tuberculosis of the conjunctiva occurs as a primary, loeal infec- 
tion. It is, therefore, usually unilateral. It follows inoculation with the 
tubercle bacillus. The bacilli probably cannot penetrate the unbroloen 
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conjtttictival epitbelium. In advanced cases there is extensive ulceration, 
which is comparatively painless. Pannus may develop. Sattler’s classi- 
fication of th\g disease may be epitomized as follows : — 

1. Small ulcers, which may cascate, usually situated upon the palpebral con- 
junctiva and folds of the fornices. The preauricular gland is almost never en- 
larged in this stage. 

2. Gray or yellowish, subconjunctival granules closely resembling the ‘‘sago- 
grain” deposits in trachoma. They manifest little tendency to break down. Sec- 
tions show giant-cell systems. These arc followed by : — 

3. Exuberant growth of the papillae, swelling of the lids, mucopurulent secre- 
tion, and some breaking down of the tissues. Microscopicly, the tubercular deposits 
show caseation. 

4. Characterized by cock’s comb granulations. The granulations may form 
‘‘pedunculated polypi,” which project beyond the lids. Deep ulceration is present. 

The description of class 4 apt>lies to lupus. Lupus of the conjimcliva is 
secondary. It is usually an extension of nasal lupus through the lachrymal pas- 
sages. Tuberculosis of the conjunctiva m;iy be a mixed infection. Except in the 
first group of cases, the preauricular and cervical glands arc enlarged. They fre- 
quently suppurate. It is possible to demonstrate tubercle bacilli in the conjunctival 
tissues. 

In cases of leprosy the disease may appear at the limbus, although 
in the conjimcliva it is usually an extension from the skin. 

Pemphigus of the eye may appear only upon the conjunctiva and 
cornea, or be associated with blebs upon the skin and mucous membranes. 
Owing to the delicacy of the conjunctival and corneal epithelium, the 
blebs are very ephemeral and, therefore, seldom observed before rupture. 
The cases are tysu^ally seen during the stage of denudation. The cicatriza- 
tion which ensues converts the conjunctiva into scar-tissue, the shrinkage 
of which obliterates the transition folds and terminates in total symbleph- 
aron. Cases observed in the latter stage have been reported under the 
name of “essential shrinking of the conjunctiva." The 
exact nature of. this affection remains to he demonstrated. The destruc- 
tion of the conjunctival glands and occlusion of the lachr}mial ducts by 
cicatricial contraction deprive the cornea of all moisture, so that keratosis 
and ulcerative keratitis result, even though no blebs formed upon, the 
cornea. 

Hemorrhages of the conjunctiva^ occur as hemorrhagic infiltra- 
tion of the episcleral or subconjunctival connective tissue {ccchymoma sub- 
con junctivale) ; they are always limited to the conjunctiva hulbi, are 
partly of traumatic origin (in fractures of the skull, etc. ; also in oi>era- 
tions), partly the result of violent strain (in whooping-cough, vomiting, 

^ Sugilatio (from subciliatio, sub ciliis), first used for these subconjunctival 
hemorrhages, because, on closure of the lid, the hemorrhagic area disappears sub 
cihu. 
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sneezing, etc.).: Occurring spontaneously in persons over 40 years of age, 
they usually indicate arteriosclerosis. The hemorrhagic infiltrations form 
dark-red, sharply defined spots, which frequently extend^ close to the 
margin of the cornea and, after a time, completely disappear by absorption. 

Nevi occur in the conjunctiva either as flat maculae or as slightly 
elevated, red or brownish nodules. They nearly always contain pigment, 
which is found both within and between the cells of the growth, and also 
in the surface epithelium. The typic nevus resembles those observed 
in the skin. They are formed of ingrowing epithelial digitations and 
fibrous tissue stroma, the spaces of which are filled with the characteristic 
nevus cells. Nevi are benign growths, but possess an inherited tendency 
to intense malignancy. It must be remembered that melanotic spots 
occur normally in the conjunctivae of colored races. Their presence in 
Caucasians is suggestive of malignancy. The pigment is deposited in the 
epithelium, between the cells, and in the subepithelial tissue. 

The internal or local use of silver-salts sometimes results in staining 
of the conjunctiva: argyrosis conjunctivae. The discoloration is prin- 
cipally due to staining of the elastic fibers, although granules of pigment 
are found free in the tissues. 

Among the tumors of the conjunctiva are to be mentioned, 
first of all, the dermoid cysts. Sarcomata and carcinomata are less fre- 
quently observed ; sometimes lipomata, angiomata, small cysts, etc. 

Granulation-tissue tumors are frequent in the conjunctiva. Like 
most conjunctival growths, they manifest a tendency to become peduncu- 
lated. They result from irritation, injuries, operation wounds, imbedded 
foreign bodies, and, especially, broken-down chalazia. 

Papillomata of the conjunctiva are most frecjuently situated near 
the inner canthus. They may, however, form in the tarsal folds or upon 
the bulbar conjunctiva. Histologicly, they are composed of branching 
stems of fibrous connective tissue covered with strati§ed epithelium. 
Although the relative proi)ortion of cells to fibrous tissue varies within 
the widest limits, the greater part of the growth is usually epithelium. 
The blood-vessels have extremely thin walls and are situated in the fibrous 
tissue. 

Fibromata are composed of fibrous tissue covered with epithe- 
lium. They are usually hard, though their consistency depends upon the 
compactness of the fibrous tissue. Sometimes they are edematous, and 
such cases have erroneously been called myxofibroma. They are 
differentiated from papillomata with excessive development of fibrous 
tissue by the tharacter of the surface, which is smooth in fibroma and 
papilliform in papilloma. 
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Angiomata conjunctivas (hemangiomata) occur most fre- 
quently at the inner angle on the plica semilunaris or caruncle, though 
they may appear upon any portion of the conjunctiva. Although they 
usually develop before the 20th year, they may be congenital. They 
consist chiefly of capillary blood-vessels held together by fibrous tissue. 
The relative hardness or softness of the growth depends upon the amount 
of fibrous tissue present. If fibrous tissue predominates, the tumor is 
called angiofibroma. In cavernous angioma, dilation and fusion 
of the blood-vessels occur. It is evident that angiomata closely approach 
fibromata. Angiosarcomata are differentiated from simple angio- 
mata by the presence of sarcoma elements. 



r ig. 50S. (.'(ingenital dvr- 
moid. Right* eye. (After Talia- 
ferro.) 



Fig. 509. — Ctnigeiiital der- 
moid showing hairs. Left eye. 
(After Taliaferro.) 


In leukemic conditions, 1 y m p h o ni a t o u s deposits sometimes 
occur in the conjunctiva. 

Sarcoma erf the conjunctiva occurs most ccmimonly near the lim- 
bus, and is usually melanotic. The metastases, however, may or may not 
be pigmented. Sarcomata frequently develop from pigmented spots and 
nevi, those having the latter origin being very malignant. Melanosarco- 
mata confined to the conjunctiva frequently do not recur after thorough 
removal. Epibulbar sarcoma grows in the conjunctiva, is freely movable 
Upon thfe sclera, and rarely perforates the eyeball. The common round- 
and spindle- celled sarcomata occur here. So-called alveolar sar- 
comata or endotheliomata are more common. These develop 
from* congenital nevi and consist of a fibrous connective-tissue stroma, 
arranged to form alveoli which are filled with nevus cells. By many 
pathologists they are considered to be epithelial in origin. If this view 
is established, they will be classed among the carcinomata. 
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The squamous-celleti epithelicwma is the most common form of car- 
cinoma observed in the conjunctiva. It usually appears at the edges of 
the lids or at the limbus, frequently beginning as a papillomatous growth, 
and is often melanotic, the pigment being either autogenous or the result 
of hemorrhage. It generally invades the cornea, and, unlike epibulbar 
sarcoma, not infrequently perforates the globe, always at the sclerocor- 
neal junction. Histologicly, epithelioma presents nothing characteristic 
of its location except pigmentation. Adenocarcinoma may de- 
velop from Krause's glands or from the glands of the caruncle. Carci- 
noma of Krause’s glands presents the histologic features of adenocarci- 
noma of the lachrymal gland. 

Dermoids (see Figs. 508 and 509) arc not very infrequent in the con- 
junctiva and are often associated with malformations of the eye. Their 
favorite site is near the outer margin of the cornea. They form yellow- 
ish tumors containing the usual dermoid elements, particularly hair, fat, 
and epidermoidal tissues. They are small at birth, but commence to grow 
at puberty. 

Unmixed fatty tumors of the conjunctiva (lipomata) are ex- 
tremely rare. Congenital tumors which pass as such contain other tissues, 
particularly fibrous connective tissue. Therefore, they are now classed 
with the teratomata under the name of d e r m o 1 i p o m a . These 
growths are usually situated a little distance from the cornea, between the 
attachments of the superior and external recti muscles. They are always 
congenital, but, owing to their position beneath the upper lid, they may 
escape observation until puberty, at wdiich time they commence to grow. 
Girls appear to be more frequently affected than boys. 

Epithelial plaques is a term applied to epithelial masses removed 
from the conjunctiva and cornea. Parsons regards them as the simplest 
expression of a dermoid, only the epithelial elements being represented. 

Osteoma of the conjunctiva occurs in the same sfcuation as der- 
moHpoma. It is congenital and belongs to the teratomata. 

Adenoma may develop from any glandular structure of the con- 
junctiva or caruncle, 

Epicanthus is caused by the formation of a crescentic fold of skin, 
running from the eyebrow to the nose, overlapping the inner canthus. 

Cysts of the conjunctiva originate from the lymphatics,** surface 
epithelium, and conjunctival glands. Lymphatic cysts result from 
dilation of the lymph-vessels and are histologicly indistinguishable from 
lymphangiectases. They usually are observed upon the conjunctiva buibi, 
where they form a rosary-like row of small, transparent vesicles which 
n^y coalesce. Excessive dilation of the lymphatics (lymphangiectasis) 
seldom results in the formation of large cysts. 
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Epithelial Cysts. — If surface epithelium is included in the con- 
junctival stroma, it may, by subsequent proliferation and degeneration, 
form either an epithelial tumor or a cyst. (See Fig. 510.) Confinement 
of surface epithelium in deep tissue occurs in various ways : it may pro- 
liferate inward in response to the stimulus of an inflammatory or other 
irritant ; it may grow inward along the track of a wound or be carried in 
by violence; it may be separated from the surface by apposition and 



f'ig, 510. — Epithelial cystoma of conjunctiva. The cyst is created by 
mucoid degeneration of the central cells in a mass of ingrown epithelium, 
(After photomicrograph by L. Oatman, M.D.) 

agglutination of conjunctival folds, as after the operation of trachoma 
expression. There is reason to believe that epithelial inclusions occur 
congenitally. When isolated, conjunctival epithelium creates a cyst; the 
histologic character is determined by tlie particular form of degeneration 
which the epithelial cells undergo, such as mucoid, serous, etc. When only 
slight degeneration of the ingrowing epitlielium takes place, the growth 
may ^be mistaken for epithelioma. These formations are conveniently 
grouped under the name of epithelial cystomata of the con- 
junctiva. Glandular cysts form in the so-called Henle glands and 
in the accessory lachrymal (Krause's) glands. They result from inflam- 
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matory or traumatic obstruction of the gland outlets. Cysts may occur 
in the gland-like conjunctival folds formed in trachoma. 

Parasitic cysts occasionally form in the conjunctiya. Those re- 
sulting from Cysticercus celluloses and filaria* are most frequently 
observed. Ilydatidcystsof the orbit may extend to the conjunctiva. 
Cysts may form in pterygia, dermoids, nevi, etc. 

Inclusion Cysts. — Under this title Oatman has described a form 
of epithelial-lined cysts which appear upon the conjunctiva after trauma- 
tism, especially after the operation of trachoma expression. Evidently, 
they develop from epithelial cells which have been segregated from the 
surface epithelium, either by adhesive occlusion at the mouth of a con- 
junctival crypt or by approximation and agglutination of conjunctival 
folds. 

Edema of the conjunctiva is usually a symptom, although cases 
have been described which were supposed to result solely from vasomotor 
disturbances. Spicer rejyorts a number of cases caused by lymph obstruc- 
tion. They were associated with tonsillitis and enlargement of the 
lymphatic glands. Solid thickening of the conjunctiva may occur in 
myxedema. 

Emphysema may appear in the conjunctiva in association with 
emphysema of the lids, resulting from fractures communicating with the 
air. passages. 


LACHRYMAL ORGANS. 

The lachrymal organs are composed of the lachrymal gTan|l {glandula lacri- 
mails) and the excretory channels, namely, two lachrymal puncta {puncta lacri- 
malls) at the inner angle of the eye (one each on the free margin of the upper and 
lower lid), two lachrymal canaliculi (canaliculi lacrlmalls) originating therefrom, 
one lachrymal sac at the inner angle of the eye {saccus lacrimafis) formed by con- 
fluence of both lachrymal canaliculi, and one nasal duct {ductus lacrimalis) which 
opens into the nasal cavity below the middle turbinate. < 

The canaliculi arc lined with stratified squamous epithelium. Their walls are 
rich in elastic connective tissue and striated muscle-fibers. The lachrymal sac and 
duct are lined with a double layer of columnar epithelium. The tunica propria is 
mostly adenoid tissue. External to this is a dense venous plexus. The lachrymal 
sac is partly and the duct entirely surrounded by bone. The mucous membrane 
of the duct is supplied with acinous glands. It forms several valve-like folds, the 
largest of which is situated at the nasal outlet and is known as Hasner's 
valve. 

The lachrymal fluid is poor in solid constituents. The secretion is 
increased by emotional excitation, in irritation of the eye by foreign bodies, 
and in many f6rms of inflammation of the eye ; it is diminished in cicatriza- 
tions of the conjunctiva, with and without adhesions ; in xerosis and after removal 
of the sac. No lachrymal fluid is secreted during the first days of life. The lachry- 
mal fluid is conducted into the lachrymal puncta essentially by nictitation, the 
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fluid being pressed into the puncta on closure of the lids. In nictitation closure of 
the lids begins at the external canthus and ends at the internal canthus. The con- 
traction of the orbicularis muscle draws the palpebral ligament toward the eye; 
this opens the i)uncta by relaxing and shortening the canaliculi. By the same act 
the anterior wall of the sac is lifted from its groove, whereby a suction-like action 
is exerted upon the lachrymal fluid. Probably, the sac always contains a small 
quantity of fluid. Any excess is forced into the nose by the natural elasticity of 
the sac walls. Another factor is the gentle compression exerted upon the sac by 
the dense venous plexus which envelops it. This force equals the normal blood- 
pressure in the veins; in the lachrymal grooves, where the plexus is interposed 
between the lachrymal apparatus and the bone, the pressure is exerted wholly 
against the sac and duct. As only a small amount of fluid is generally secreted, the 
fatted margins of the lid prevent overflowing. Overflowing occurs, however, when 
more fluid is secreted than can be carried off through the lachrymal channels, and 
also when the channels are narrowed or completely occluded. Persistent dis- 
turbance in the flow of the lachrymal fluid through the natural channels occurs 
also in incomplete closure of the lids as a result of paralysis of the orbicularis; in 
ectropion with eversion of the lachrymal puncta, and in chronic blepharitis with 
cicatrization and shortening of the lids, because in these conditions the lachrymal 
fluid can no longer enter the lachrymal puncta. 

When the lacliryiiial fluid is forced through the puncta into the lach- 
rymal channel, hut cannot flow into the nasal cavity because the na.sal 
duct has for some cause become obstructed, the lachrymal sac fills and 
gradually distends. As, at the same time, dust, bacteria, etc., present upon 
the conjunctiva and cornea also enter the lachrymal sac along with the 
lachrymal fluid, an acute purulent catarrh of the lachrymal sac: 
blennorrJura sacd lacrimal is, dacryocystitis blcnnorrharica or purnlcnta, 
usually develops. 

Narrowing or occlusion of the nasal duct is most frequently due 
to pathologic processes in the na.sal cavity : intense swelling of the mucous 
membrane in coryza; cicatrization in consequence of atrophic rhinitis, 
scrofulous, syphilitic, and other ulcers; tumors (especially polypi); sel- 
domer varices, hone affections, etc. 

Catarrh of the nasal duct is at first accompanied by a purulent 
exudate; later, when the prcKess has become chronic, which is almo.st 
always the case, by a mucoid, and, finally, a more or less thin, watery 
secretion. The distention of the lachrymal sac, even though the cause of 
the narrowing in the nasal duct has cea.sed to exist (either spontaneously 
or by artificial means), may become purulent: dilatio sacci lacrimalis (so- 
called atony). In complete atony of the sac the lachrymal fluid does 
notjjass into the nose, even though the duct is pervious. If the distention 
attains large dimensions, the condition is called hydrops sacci lacrimalis. 
The distention is sometimes very great. The sac may bulge forward or 
push backward into the orbit and has been said to displace the eyeball. 
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Blennorrhea of the lachrymal sac is sometimes followed by an acute 
purulent inflammation of the surrounding parts, which may extend to and 
rupture through the external skin: paradacryocystitis (alsg tersely called 
dacryocystitis). At first the discharge is purely purulent; later, when the 
acute inflammation has subsided, a watery fluid, ue*, the lachrymal secre- 
tion which is pressed through the tear puncta, is discharged. In this 
manner a lachrymal fistula is established. 

Sometimes the canaliculi fail to unite, wholly or in part, as the- result 
of congenital abnormalities. In such cases the defective 
portion is represented by grooves. If the gaps are very small they pass 
for supernumerary puncta. The grooves may close completely, 
in which case no puncta exist. The canaliculi may be altogether absent. 
Very rarely the fetal grcxjve, which develops into the lachrymal sac and 
duct, fails to close, resulting in congenital lachrymal fistula. 
A more frequent anomaly is congenital stricture of the lach- 
rymal duct. 

Inflammation of the lachrymal gland, dacryoadenitis, is very 
rare. It may be acute or chronic. The acute form may result from injury 
or infection by conjunctival secretions. It has been observed also in 
connection with influenza, variola, leukemia, diphtheria, gonorrhea, and 
mumps. The chronic form may result from trauma or local infection 
from the cornea or conjunctiva. Dacryoadenitis may terminate in resolu- 
tion or suppuration. Acute purulent inflammation with rupture externally 
has occasionally been observed. In general tuberculosis the lachrymal 
gland is sometimes, though rarely, affected, ' r 

Fistula may be congenital or follow abscess. 

Cystic dilation of the excretory duct, dacryops, is somewhat more 
frequent than inflammation. It is due to obstruction of outflow, usually 
to occlusion (by calculus, proliferation). 

Hjrpcrtrophy usually occurs in childhood, but it mty be congen- 
ital, It has been known to destroy vision by compression and displace- 
ment of the eye and optic nerve. Chronic enlargement of the gland in 
adults is generally syphilitic. 

Atrophy of the lachrymal gland occurs in xerophthalmus, and is 
said to follow extirpation of the lachrymal sac. The secretion of tears 
is sometimes abolished in paralysis of the trigeminus and in* facial 
paralysis. 

Dislocation of the gland is rare. It may be caused by trauma or 
retrobulbar abscess, or occur spontaneously. » 

Tumors seldom develop from the lachrymal organs. They are 
frequently mixed growths. Carcinoma, sarcoma, myxoma, myxade- 
notna, myxosarcoma, enchondroma, osteochondroma, osteoma, fibroma, 
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adenoma, adenoangioma, lymphoma, cylindroma, conglomerate tubercle, 
and hydatid cysts have been observed. 

THE CORNEA. 

The cornea merges with the sclera at the limbus cornea, forming, as it were, 
a continuation of the sclera to the anterior portion of the eye. Unlike the sclera, it 
is nonvascular (except the marginal plexus). In this respect as well as in the 
form of Jhe large, branching, anastomosing cells — the so-called corneal corpuscles — 
it resembles the intima of the aorta. It differs from the intima, however, by the 
fact that the intercellular substance, consisting of striated, intimately interlacing 
bundles, is arranged in lamellae between which the corneal corpuscles are placed, 
and is united by a cement substance to form an almost homogeneous mass : the 
substantia propria. Both in front of and behind the cornea lie homogeneous mem- 
branes: Bowman's (anteriorly) and Descemet's^ (posteriorly). Upon the cornea 
are situated anteriorly several layers of squamous lamellated epithelium, and poste- 
riorly a single layer of endothelial cells. 

Accordingly, the perfectly transparent parenchyma of the cornea is formed 
chiefly of the corneal lamellae and the corneal corpuscles. A stroma composed 
principally of vessels and connective tissue, as in the kidneys, etc., is absent. This 
explains in part the variation in the designation of different pathologic processes of 
the cornea. 

The different layers of the cornea correspond embryologicly to other parts 
of the eye as follows 

(а) The corneal epithelium, to the conjunctiva. 

(б) The substantia propria and Bowman’s membrane, to the sclera. 

(c) Descemet’s membrane and the endothelium, to the uveal tract. 

This relation of parts is illustrated by the frequent extension of pathologic 
processes from one o^ these subdivisions to its analogue. 

The corneal epithelium is distinguished by the following peculiar^ 
itics: (a) there are no papilla ; (h) the superficial cells arc flat and contain oval 
horizontal nuclei : (r ) the middle layer is formed of prickle cells, which permit 
free circulation of lymph; (d) the basal layer is composed of sharply contoured 
cylindric cells, the nuclei of which are distally situated and do not stain more 
intensely than in the other layers. 

The substantia propria constitutes the bulk of the cornea. It is composed of 
delicate, parallel fibers united into bundles, and these are formed into flat lamellae. 
The lamellae run parallel with the surface of the cornea and are arranged in 
alternating layers crossing each other at right angles. A few bundles running 
obliquely are called arcuate fibers. The substantia propria is traversed by an 
intercommunicating system of canaliculi and lymph-spaces (lacunae) containing 
wandering cells and the fixed corneal corpuscles, which are differentiated con- 
nective-tissiie cells. The wandering cells are derived from the blood-vessels. 

Bowman’s membrane is modified substantia propria tissue. 

Bescemet’s membrane is a product of the endothelial cells which line the 
posterior surface of the cornea. The endothelial cells are a continuation of the 
cells covering the ciliary body, iris, and ligamentum pectinatum iridis. 

1 In its chemic and physic characters,. Descemet’s membrane was formerly 
supposed to be closely related to elastic tissue. This view, however, is no longer 
entertained, since it does not give the specific reactions of elastic tissue. 
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The cornea k nourished by a transudate from a system o£ minute vascular 
loops which penetrate the corneal periphery for a distance of from O.S to 1.5 mm. 
This peripheral zone is always preserved^ ev^n in the most advanced cases of 
corneal necrosis. Surrounding the cornea, in the sclera, is a nelve plexus known 
as the plexus annularis. From it branches are distributed to the conjunctiva and 
cornea, those entering the cornea losing their medullary sheaths and continuing as 
bare axis-cylinders. They form networks designated, according to their location, 
aa the stroma plexus, subbasal plexus, subepithelial plexus, and intraepithelial plexus. 
The latter is made up of very delicate nerve fibrillas, many of which terminate in 
free ends between the more superficial cells. 

Keratomalacia (xerotic keratitis, infantile ulceration of the cor- 
nea) occurs chiefly in children affected with marasmus, especially asylum 
infants. Torpor retina: is usually present. The appearance of extreme 
dryness presented by the cornea in this disease is due to fatty degeneration 
of the corneal epithelium, which prevents the lachrymal secretion from 



Fig. 511. — Arcus senilis. (After Canlon.) 

adhering to the corneal surface. If life is sufficiently prolonged, ulcera- 
tion and hypopyon develop. Of the various micro-organisms present, 
none is regarded as causative. 

Histologicly closely related to parenchymatous keratitis is arcus sen- 
Uis, malum senile cornea: (gorontoxon^), in which process also there 
is no cellular increase in the cornea. As the name indicates, arcus senilis 
is an affection of old age and consists in a simple, noninflammatory nutri- 
tive disturbance of the corneal corpuscles (usually most marked in the 
superficial layers), which is said finally to terminate in fatty metamor- 
phosis.- This metamorphosis of tlie corneal corpuscles is always more 
marked in the upper and lower portions of the cornea, which are usually 
more or less covered by the lids. The affected portion forms a crescent- 
shaped area running parallel with the unaltered margin o£ the cor- 

1 From ydptap « aged person, and ~ bow. 

2 It is by no means certain that the granules which cause the opacity in arcus 
smfilis are fat, because they fail to give with selective stains the usual reaftiotti of 
animal fat. Nevertheless, many recent writers adhere to the view that they are 
fat. Parsons says : Arcus semlis is probably a fatty degeneration of the substantia 
pr^rkt ... the exact chemic nature of the fatty material being tmdeter- 
miiiad.’’ The entire cornea is encircled by the process. Its relation to lat^ de- 
generation in other organs has not been established. 
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iiea* It is sharply defined and gradually merges with unaltered tissue 
toward the center of the cornea (see Fig. 511 ), causing a gray or grayish- 
yellow opacify jof the altered parts. 

Congenital opacities of the cornea may result from prenatal in- 
flammation. They do not differ from opacities occurring from the same 
cause after birth. Arcus Juvenalis (fetal ring, embryotoxon; 
sclcrophthalmus, when complete) is a noninflammatory congenital 
opacity, of the cornea which extends inward from the sclera, forming an 
incomplete ring or involving the entire circumference. It varies in de- 
gree from a bluish-white cloudiness to a dense, pearly opacity, no clear 
cornea being present between it and the sclera, in which respect it differs 
from arcus senilis. The condition may occur in eyes otherwise normal 
or be associated with various malformations. There is a widespread 
belief in its inflammatory origin, but the absence of blood-vessels and 
inflammatory changes renders tiiis view improbable. It is more reason- 
ably explained as an arrest of the embryologic prtKess of differentiation 
which takes place between the cornea and the sclera. 

Marginal atrophy and sclerosis (Fuchs) usually occur in eyes 
affected with arcus senilis, although a somewhat similar condition is ob- 
served also in the young. In the senile type the arcus and transparent 
circle of cornea between it and the sclera become greatly thinned, forming 
a peripheral furrow. In advanced cases the furrow yields to intraocular 
pressure and becomes ectatic. Ulceration does not occur. The single 
case examined microscopicly was complicated with glaucoma. The patho- 
logic changes w^rc confined to the anterior lamellae of the cornea, which 
were largely degenerated. Bowman’s membrane was destroyed. The 
affected area was very vascular, although no cellular infiltration or other 
evidence of inflammation was present. The external surface was covered 
with thick layers of conjunctival (not corneal!) epithelium. A similar 
process has be^pn described by Terricn as '^dystrophic marginale!' 
Chronic peripheral furrow keratitis (Schmidt-Rimpler) (X'curs inside of 
the arcus or corneal opacity. 

Keratitis marginalis profunda (Fuchs) usually attacks the aged 
and, as a rule, is unilateral. The cornea contains a dee])-gray or yellow 
opacity, which involves about one-third, rarely the whole, of its periphery. 
It extends directly from the sclera into the cornea for a distance of about 
2 mm. Vessels from the limbus soon cover the opacity. The cor- 
neal surface is dull, but, as a rule, there is no loss of epithelium. Fuchs 
has very rarely observed small superficial ulcers. The symptoms of irri- 
tation ^bside, but a permanent oi^acity of the cornea remains. It dif- 
fers from mens senilis by tlie absence of transparent cornea between it 
and iflie sclera. 
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Sclerosing keratitis is a term usually applied to an extension of 
scleritis into ihe cornea. A similar condition is sometimes seen in tuber- 
culosis of the cornea. The corneal opacity is triangular in form with 
the base at the limbus. Isolated central opacities and uveitis may also 
be present. Ulceration does not take place. Recurring attacks may cause 
general opacity of the cornea. The process is characterized by an infil- 
tration of the cornea by round cells which subsequently undergo organiza- 
tion into fibrous connective tissue. A violent type of combined scleritis, 
keratitis, and uveitis is described by de Schweinitz under the name of 
sclerokeratoiritis. This may occur as a bilateral disease and terminate 
in blindness. 

Almost all other changes of the cornea, with exception of a small group of 
superficial processes, are accompanied by cellular proliferations — the so-called 
corneal infiltrations of ophthalmologists. The proliferation always 
begins in the neighborhood of the corneal corpuscles between the corneal lamelb'e — 
in the region of the strongest flow of lymph. At present it cannot with certainty 
be stated in every case to what degree the corneal corpuscles themselves are in- 
volved in the cellular increase. 

Those processes which result in the formation of pus^ and purulent 
softening are usually designated as purulent keratitis; those ac- 
companied by cellular increase are described as nonpur ulent or 
interstitial keratitis. ( Sec p, 985.) 

Acute interstitial keratitis, usually called purulent kera- 
titis, occurs indej)endently (after trauma; also without demonstrable 
cause), and also as a result of other affections {c.g,, in blennorrhea, 
variola, typhoid, etc.), and is probably always due 10 infection.^ The 

1 Here so-called wandering cells migrate into the cornea from the corneal 
margin. These wandering cells, first observed by von Recklinghausen, are not 
derivatives of the fixed corneal corpuscles. According to Leber, the presence of 
micro-organisnis in the cornea causes a localized necrosis, the toxic products cir- 
culating in the cornea acting on the peripheral blood-vessels; vascular dilation and 
emigration of leucocytes follow, the leucocytes being attracted to the point of 
injury by positive chemotaxis. The leucocytes accumulate in "^he lymph-spaces, 
forming rows of elongated cells extending in every direction. They are known as 
inflammatory spindles. The changes occurring in the fixed corpuscles 
are connected with the processes of corneal regeneration. 

2 Hence the designation keratitis mycotica. Although a great variety of 
micro-organisms enter the conjunctival sac, it is doubtful if any of them are 
capable of penetrating the unaltered epithelial layer of the cornea. The gonococcus 
and diphtheria bacillus are said to possess this power. It is true that ulcer of the 
cornea occurs more frequently in purulent (gonorrheal) than in other forms of 
conjunctivitis. This, however, may be due to the fact that it is the most violent 
type of inflammation to which the conjunctiva is liable and, consequently, inter- 
feres most with the corneal circulation. This lessens the cohesive power of the 
epithelium, the superficial layers of which may desquamate or be dislodged with- 
out the slightest diminution in the transparency of the cornea. The epithelial 
barrier once removed, bacteria penetrate the cornea without difficulty. As a matter 
of fact, destruction of the cornea in purulent conjunctivitis depends upon the 
presence of micro-organisms other than the gonococcus and Klebs-Loffler bacillus. 
It would appear impossible to demonstrate that, in any given case, the gonococcus 
bad perforated the unbroken comeal epithelium. 
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first visible changes of the cornea: gray-yellow opacities, are due to 
gradually increasing purulent infiltration, which either resolves or, what 
is more frequent, results in purulent softening. In the latter case, if the 
altered part is superficial, an ulcer develops if it is surrounded on all 
sides by intact corneal tissue, a corneal abscess- forms, which, 
after a time, is always converted into an ulcer, the anterior corneal lamellae 
gradually breaking down. In the cornea, as elsewhere in the body, 
inflamfnatory exudates may be absorbed or progress to softening and tis- 
sue necrosis. The margins of a fresh ulcer are sometimes steep, some- 
times* flat, generally cloudy and infiltrated with pus. Later they may 
become cleansed, so that the ulcer remains confined in extent, or they 
manifest a tendency to progressively disintegrate. The ulcer then grad- 
ually spreads and an ulcus conxccc serpens develops. In corneal ulcer 
the superficial epithelium and Uowmaifs membrane are destroyed for 
some distance beyond its apparent margin. The surrounding cornea be- 
comes edematous and overhanging. The adjacent corneal epithelium 
undergoes the most active proliferation in the effort to fill in the gap 
produced by loss of tissue. These proliferating cells may s]>read over 
the entire area of ulceration and even penetrate between the corneal 
lamellse. They ar<?, however, cast off with the sequestrum. If Desce- 
met’s memlirane is intact, the concomitant uveitis cannot be attributed 
to bacterial invasion, but to chemotaxis. When the chemotaxis is in- 
tense, large numbers of leucocytes migrate from the vessels of the ciliary 
body and iris and are carried forward by the aqueous into the anterior 
chamber, whert they gravitate to the most deiiendent portion, forming 
hypopyon p. Hyjiojiyon occurring in suppurative and many 

other forms of keratitis must not be confounded with the complex of 
symptoms constituting serpiginous or hypopyon ulcer. The 
stage of regeneration is indicated by separation of the slough, disappear- 
ance of the gra^ zone of infiltration, and the advent of bl(X)d-vessels upon 
the cornea, extending from the limbus to the margin of the ulcer. 

In traumatic keratitis the purulent infiltration generally begins 
within the injured area in the deeper layers of the cornea. Not every 
trauma, however, causes keratitis; superficial injuries frequently involve 
only the epithelium (erosion), the loss being rapidly replaced by new 
epithelium. Deeper wounds also often heal without the development of 
keratitis. The danger of every injury depends, firstly, upon infection 
of the corneal wound, and, secondly, uix)n perforation of the cornea, 

^ The chief bacterial representative of corneal ulcer is the pneumococcus. 
Corneal ulcer may be caused also by the Bacillus fluorcsccns liqucfacicns, terminat- 
ing in panophthalmitis ; the Bacillus pyocyancus, streptococci, and actinomyces. 

® According to Horner, true abscess formation with fluid pus does not occur 
in the cornea. , 
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whether primary or secondary to purulent keratitis. The alterations 
caused by bums, corrosion, etc., behave in an entirely analogous manner. 

When the ulcerative process extends into the depth, perforation 
of the cornea niay result. Before this occurs, the posterior elastic 
(Descemet’s) membrane is sometimes strongly pushed forward and then 
forms a sort of vesicle: keratocele (from KiJAiy = hernia). 

With occurrence of perforation of the cornea the aqueous generally escapes, 
so that the iris comes in contact with the posterior surface of the cornea* and the 
anterior chamber disappears. In large perforations, sudden discharge under strong 
pressure, etc., the iris and lens may reach the exterior with the aqueous : 
prolapsus iridis, luxatio lentis. Under favorable conditions the perforation closes 
and the anterior chamber is restored, new aqueous being elaborated. Usually, how- 
ever, adhesion of the iris to the posterior surface of the cornea occurs at the margin 
of the wound: synechia anterior (also leucoma adherens). In many cases this is 
accompanied by Viulging of the eye in the region of the corneal wound : corneal 
staphyloma (<rTo0vXi^ — grape). The protrusion involves either the whole 
cornea: total staphyloma, or only a part: partial corneal staphyloma. In 
every instance the protruded portion is composed of opaque cicatricial tissue, which 
develops from the iris (not cornea! hence, more exact, staphyloma iridis)^ and. 
therefore, is always more or less dark in color (mottled, slaty, bluish). The bulg- 
ing portion is either rounded in form (staphyloma sphcericum, especially in total 
staphyloma), wedge-shaped (staphyloma conicum) or iaanifoldly constricted 
(staphyloma racemosum, blackberry form). In total staphyloma the anterior 
chamber is always lacking, owing to complete prolapse of the iris. Adhesions of 
the prolapsed iris to the margin of the corneal wound with bulging of the cornea 
(primary staphyloma) do not always occur in staphyloma, but often a flat 
cicatrization without protrusion is observed. Here also, however, subsequent bulg- 
ing (secondary staphyloma) occurs in some cases, when the c'catricial tissue is 
fresh and thin and, therefore, still clastic.^ On the other hand, under favorable 
conditions primary staphyloma also may disappear by subsequent cicatricial retrac- 
tion (secondary flat cicatrization). 

After perforation of the cornea, especially after section for cataract or 
iridectomy, a small fold of iris may remain fixed in the wound. This is quickly 
covered with epithelium, and, in favorable cases, a firm cicatrixr* results. At other 
times the cicatrix is too weak to withstand the intraocular pressure, and a small 
area protrudes forward. This condition is known as cystoid cicatrix. The 
ectatic area consists of cicatricial iris tissue covered with epithelium. The increased 
tension which causes staphylomatous conditions of the cornea is induced largely 
by the completely prolapsed iris, 2 which obliterates the anterior chamber. The 
aqueous, therefore, cannot reach the angle of filtration and, consequently, the ten- 
sion of the eye is raised. 

In rare cases a corneal fistula develops from corneal perfora- 
tion when the latter does not close. Corneal fistula is a small opening in 
the cornea through which aqueous humor constantly flows. Aca>rding 

1 In increase of intraocular pressure, on great exertion, screaming, 
fneezing, etc. 

According to some authorities, only in prolapse approaching the coa^lete. 
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to Caermack, fistula follows adhesion of the iris to the edge of a corneal 
wound. The movements of the iris prevent union by traction upon the 
point of attachment and upon the wound. Union is interfered with also 
by the surface epithelium, which extends into a fistulous tract. 

After it has become cleansed, a nonperforated corneal ulcer heals 
by gradual filling of the defect by dense, opaque cicatricial tissue. In 
small, shallow ulcers the defect not infrequently is only incompletely filled 
up, so*that very small, flat, temporary depressions develop; plane cica- 
triceSy corneal facettes, which are not opaque, and, therefore, are recog- 
nizable only on focal illumination of the cornea. When the ulcer extends 
far into the depth, the deep corneal lamelL'e with Dcscemet’s membrane 
are pushed forw^ard by intraocular pressure {hernia cornecc). This pro- 
trusion may be compensated by cicatricial retraction ; in other cases it is 
permanent ; then a condition develops which has a certain resemblance to 
corneal staphyloma, but differs from the latter by the fact that the pro- 
truded parts do not consist of a cicatricial iris-tissue, but of cicatricial 
corneal tissue; kcratocciasSia ex tdccre (so-callcd ectatic cicatrix). In 
every deep corneal ulcer the anterior (bowman’s) membrane disappears 
throughout the whole area in which loss of substance has occurred, and 
this may be imporljint in differential diagnosis. In cases due to ulceration 
the ectasis is limited to the site of the ulcer; if due to interstitial keratitis, 
the entire cornea is involved. In postulcerative cases the protrusion is 
opaque, while in keratoconus and keratoglobus (q.v.. p. 988) it is usually 
transparent. 1 listologicly, the ectasis is com])osed of thickened epithelium 
and condensed Corneal lamellae. In postulcerative cases Bowman’s mem- 
brane has been destroyed and the epithelium rests upon scar-tissue. 
Descemet’s membrane remains intact, but may be wrinkled. Degenera- 
tive changes in the substantia propria are common. In extreme cases 
nipture may occur. 

Acute purulent keratitis is always accompanied by certain 
changes in the adjacent tissues. Constant concomitant symptoms are 
intense ciliary and conjunctival injection and inflamma- 
tory edema of the conjunctiva. I"ar more important are the changes 
in the anterior chamber and iris, perceptible also post mortem: iritis, 
hypo p^ on, iridocyclitis. 

ilypopyon^ (Wo and vov---pus) is the accumulation of a purulent 
exudate in the anterior chamber; the aqueous is thus rendered cloudy. 
(See Fig. 512.) The purulent exudate is derived from the iris, ciliary 
body, and, according to certain authors, also from the cornea. It may 
disappear by absorption, or be deposited upon the surface of the anterior 

t Because the pus sinks and occupies the deepest, usually the lowermost, 
portion of the anterior chamber. 
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chamber, wiiere it may become organized and cause closure of the pupil 
or anterior synechiae. 

Hypopyon ulcer (serpiginous ulcer) is a severe form of kerato- 
uveitis characterized by a tendency of the corneal ulcer to spread over 
the surface of the cornea, and by the severity of the iridocyclitis. Uhthoff 
and Axenfeld have shown that typic cases result from a local pneumo- 
coccous infection. Atypic forms are due to infection with other organ- 
isms. Well-marked cases do not occur in children. The cornea at the 
margin of the ulcer usually contains a yellow, crescentic- or wedge- 
shaped infiltrate, which precedes the advancing necrosis. The entire cor- 
nea is edematous. Two kinds of striae are observed in hypopyon ulcer: 
those consisting of delicate lines that branch or cross each other are due 
to leucocytic infiltration of the corneal lymph-spaces; the straight, un- 
branching striae, according to Schirmer, are produced by wrinkling of 



Fig. 512. — Hypopyon, seen from the front, and in section, to show 
that the pus is behind the cornea. 

Descemet’s membrane. Masses of pneumococci are found* in the necrotic 
area, particularly beneath the overhanging margin. A mixed infection 
modifies the history and pathology of the ulcer. The iritis in hypopyon 
ulcer is violent, and synechiae form early. It is now generally conceded 
that the leucocytes constituting the hypopyon are derived from the iris 
and ciliary body, particularly the latter. Serpiginous ulcer tends 
to increase in superficial area rather than in depth. Perforation is pre- 
ceded by the formation of a dense area of infiltration, situated upon the 
outer surface of Descemet's membrane beneath the surface ulcer, known 
as the posterior abscess. Early perforation occasionally takes 
place without the formation of the posterior abscess, especially if the eye 
is glaucomatous. Panophthalmitis may follow perforation, pafticularly 
where the streptococcus is added to pneumococcous infection. 

By some authors (Fuchs and others) keratitis e lagophthalmo^ is 

1 By lagopht^lmus ( \ayt&s = hare, because it was believed that hares sleep 
with open eyes) is designated the incomplete closure of the palpebral fissure on 
closure of the lids. This incomplete closure occurs in shortening of the lids, ectro- 
pium, paralysis of the orbicularis, enlargement and protrusion of the globe in 
tumors, Basedow’s disease, etc.). 
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described as a special form of purulent keratitis. In this condition chiefly 
the lower half of the cornea is changed, because this portion of the cornea 
— especially during sleep, when the lids are at rest and the cornea is 
directed upward — is uncovered, and, therefore, is expOvSed to evaporation 
and injury. Ulceration almost always follows the desiccation from this 
defect in covering. 

Closely allied to this form of keratitis is so-called neuroparalytic 
keratitis, occurring in paralysis of the trigeminus, particularly when the 
Gasserian ganglion is diseased or has been removed. The cornea 
being* insensitive, particles of dust reaching it are not removed by 
nictitation; neither are injuries noted. The pathologic process is a desic- 
cation rather than an inflammation. The epithelial covering becomes 
dermoid and is cast off, necrosis of the substantia propria following. 
Majendie and many other authors regard the changes as the result of 
trophic disturbance (fifth nerve), while others consider them to be due 
wholly to mechanic injury and dryness following loss of sensation and 
diminished lachrymal secretion. 

Dystrophy of the corneal epithelium^ is a condition occurring in the 
aged, usually in females, affecting one or both eyes. The cornea loses 
sensibility. Superficial opacity develops, especially in the jmpillary area. 
Fine vesicles form upon the surface, which becomes roughened. Glau- 
coma may or may not coexist, but the condition differs from glaucomatous 
degenerations of the cornea. The opacity increases and new tissue forms 
between Bowman’s membrane and llie epithelium. 

Interstitial keratitis- (chronic, nonpurulent) is characterized by 
a small-celled proliferation of the middle and deeper lamellie, which re- 
sults in the formation of light-gray, ill-defined, opaque spots. The 
opacities may first appear in the center of the cornea or begin at the mar- 
gin and extend to the center of the cornea. The limbus cornccc is swollen 
and the episcltfral vessels strongly injected. New formation of vessels 

1 Arch. f. Ophth., Ixxvi, No. 3. 

2 This process is designated by some ophthalmologists as keratitis parenchy- 

maiosa. This Schweigger considers incorrect, because all processes of the cornea 
start from the parenchyma. If might, perhaps, be advisable to employ the designa- 
tion parenchymatous keratitis for the process first observed and thus described 
by Virchow, because in this condition the same changes can be recognized 
in the corneal parenchyma as in the parenchyma of other organs (liver, kid- 
neys, etc.) in parenchymatous inflammation. Then the designation interstitial kera- 
titis, entirely analogous to the same changes of other organs, could appropriately 
be applied to all processes accompanied by cellular proliferation, no matter whether 
they are of an acute (purulent) or chronic nature (connective-tissue formation). 
In a part of these processes the homogeneous, transparent character of the lamellge 
is lost; they become fibrillar and histologicly indistinguishable from ordinary fibril- 
lated connective tissue. In another portion true vascular connective tissue grows 
from the margin into the cornea, and in the purulent processes the pus-corpuscles 
also enter the cornea from the surrounding vessels. * 
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may occur ia the parenchyma of the cornea^ starting from the corneal 
margin. This is generally confined to the margin; sometimes, however, 
it advances to the center of the cornea, imparting to it a i;cddish, almost 
fleshy appearance. In the mildest cases new formation of vessels is lack- 
ing; then the opacity generally gradually disappears from the margin 
inward. Severe cases accompanied by new formation of vessels 'always 
result in a permanent and more or less distinct opacity, the intercellular 
substance of the cornea acquiring a striated, fibrillated character. 

This affection occurs almost exclusively in young jndividuals up to the age 
of 20 years. As a rule, both eyes are involved, though not at the same time. The 
most frequent cause is said to be congenital syphilis. The course of this disease 
is always chronic and generally extends over a number of months. Besides the 
permanent opacity, which results in many cases, there is a certain danger from the 
accompanying iritis, which may easily cause adhesion of the pupillary margin of 
the iris to the lens capsule (so-called posterior synechiae). 

Inflammatory changes situated in the deep parenchyma of the cornea, unat- 
tended by ulceration, are usually, but not invariably, the result of constitutional 
syphilis. As the disease is amenable to treatment, opportunities rarely occur to 
examine the affected corncae microscopicly. In a case recently examined by 
Elschnig, the following changes were observed: swelling of the cornea; division of 
the fixed cells, and appearance in the lymph-spaces of irregular nuclei and a few 
round cells. The cells were swollen and the nuclei destroyed, while the lymph- 
spaces were distended with granular detritus. There was some necrosis of lamellae. 
Repair took place through proliferation of the fixed cells, with or without forma- 
tion of blood-vessels. Reparative material and true giant cells accumulate beneath 
Bowman's and Dcscemet's membranes. Interstitial keratitis is usually, if not always, 
associated with inflammation of the ciliary body or choroid. Tfie absence of ulctra- 
tion may be ascribed to the presence of blood-vessels in the cofaea. Tubercular 
keratitis resembles histologicly the interstitial keratitis of syphilis. 

S 3 rphili'S of the cornea usually appears as interstitial keratitis. 
Rarely, however, gummata of the uvea may invade the cornea. 

Phlyctenular keratitis. This form is frequently associated with 
phlyctenular conjunctivitis and consists in a superficial process which be- 
gins with an accumulation of small round cells beneath the epithelium. 
So-called phlyctenulae are thus produced : slight opaque elevations, the 
size of a poppy- or millet- seed, upon the cornea. (See Conjuncthntis 
phlyctaenulosus, p. 963.) These accumulations of round cells may be 
absorbed, or, after exfoliation of the epithelium, result in the formation 
of quite small, flat ulcers, which may heal without cicatrization. Fre- 
quently, however, the process extends into the substantia propria, causing 
true ulceration. These ulcers heal from the margin by vascular fea- 
tion and cicatrization. Occasionally progressive ulceration, hypopyon, 
and perforations of the cornea follow. This affection, like phlyctenular 
Cpttjunctivitis, occurs especially in young scrofulous individuals, and, Bke 
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scrofulous affections, is cliaracterized by a great tendency to frequent 
relapses. 

When phlyctenulae develop at the limbus of the cornea, the process is 
designated as marginal keratitis, or conjunctivitis phlyctcrnulosa 
miliaris, (See p. 964.) 

Another form of chronic keratitis is keratitis pannosa ( iraw = rag, 
doth). This consists in the formation of a young, delicate, richly cellular 
and highly vascular granulation tissue, which is always accompanied by 
an affection of the conjunctiva, and, at first at least, always occurs in the 
superficial portion of the cornea {keratitis supcrficialis). Those diseases 
of the conjunctiva which precede pannus are conjunctivitis trachomatosa 
and conjunctivitis phlyctcrnulosa. Accordingly, pannus trachomatosus 
(see p. 959) and phlyct(cntilosus are differentiated. 

Whenever phlyctenular keratitis heals by vascularization, pannus 
phlyctcenulosus develops, which may result in permanent opacity of the af- 
fected parts. When relapses occur, new eruptions very frequently are 
observed in the region of the scars: cicatricial keratitis. 

Pannus always begins at the corneal margin and extends from there 
to the cornea, that is, toward the center of the cornea as well as into tlie 
deeper corneal lanfeihe. The surface of the corneal parts thus altered is 
always somewhat uneven and the seat of a gray or reddish-gray opacity. 

In fresh cases, when little or no intercellular substance has as yet 
formed, complete restoration may take place; later, the possibility of a 
restitutio ad integrum ceases. Numerous spindle cells and fibrillated 
intercellular jubstance — ^whitish-gray connective tissue — are then ob- 
served, which cause a permanent opacity of the cornea. The new-formed 
vessels, which at first may be very numerous (pannus 7fasculosus) , later 
disappear in great part. 

The term pannus was formerly employed to designate any vascularity of 
the cornea. At present its use is restricted to; (1) the vascular keratitis of tra- 
choma (pannus trachomatosus) ; (2) a form of phlyctenular keratitis in which the 
exudate, instead of forming a discrete focus, appears as a continuous plaque of 
vascular tissue upon the cornea (patmus phiyctccnulosus or eczematosus) ; (3) a 
vascular keratitis occurring in a blind degenerating eye (pannus degeneraiivus). 
By far the most frequent and important of these is pannus trachomatosus. This 
form alprays appears first in the upper portion of the cornea. Its location is ex- 
plained by the fact that the upper lid is always in contact with this portion of the 
cornea, which, consequently, is subjected to constant friction by the trachoma 
granules. That this results in direct infection of the cornea with trachoma virus 
is shqwn by the fact that pannus is not produced by mechanic friction of a lid the 
tarsal surface of which is roughened or cicatrized from causes other than trachoma. 
FurQiermore, the cornea may exhibit pannus in cases of trachoma with smooth 
tarsus. Pannus is preceded by trachoma of the limbus. In severe cases the bulbar 
Majunctiva may contain round-celled deposits resembling trachoma granules. The 
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progress of pannus is from the limbus toward the center of the cornea. Its advanc* 
ing margin is always preceded by small, circumscribed elevations distinguishable 
with the loupe. They consist of cellular accumulations beneath the epithelium, 
which coalesce, forming a soft cellular tissue analogous to the trachomatous tissue 
found in the lids. Superficial and even perforating ulcers may form, but the vas- 
cularity of pannus usually preserves the cornea from destructive ulceration. Pan- 
nus is at first situated between the epithelium and Bowman’s membrane. In such 
cases the cornea may completely recover its transparency. In advanced cases 
Bowman’s membrane is eroded or destroyed and the substantia propria infiltrated 
with cells. In such cases disappearance of the pannus is necessarily followed by a 
permanent cicatrix. 

Pannus degenerativus. — Opportunities for microscopic examination of panntts 
trachomatosus and phlyctccnulosus rarely occur. Specimens of pannus degenerati'- 
vus, however, are common. The histologic characteristics of the other forms 
have not as yet been fully differentiated. In pannus degenerativus a layer of very 
vascular granulation tissue grows from any portion of the limbus into the cornea. 
At first it lies beneath the epithelium of Bowman’s membrane. The ingrowth 
organizes into low-grade connective tissue, which later undergoes hyaloid degenera- 
tion. The surface epithelium thickens and proliferates inward into every space 
and crevice that exists, isolated nests and digitations of degenerating epithelial 
cells frequently being found in the midst of the patinous tissue. Degenerative 
changes take place in Bowman’s membrane and the substantia propria. Pannus 
degenerativus is frequently found in eyes enucleated for iridocyclitis, glaucoma, etc 

Pannus phlyctaenulosus {easematosus, scrofulosus) also may start from any 
portion of the corneal margin. A layer of vascular tissue grows from the limbus 
to a phlyctenular ulcer. It is differentiated from the fascicular keratitis by the 
fact that it does not lie in the trough of an advancing ulcer, but is level with or 
above the surface. The few microscopic examinations thus far made of this dis- 
ease show that a layer of granulation tissue grows into the cornea, sometimes above 
and at other times below Bowman’s membrane. The latter m&y be eroded or 
destroyed, in which case permanent opacity results. 

Keratitis fascicularis (vascular fasciculus, Fisher) is an- 
other form of sui^erhcial serpiginous ulceration of the cornea. It may 
commence at any portion of the limbus and originates from a small mar- 
ginal ulcer or phlyctenula. The ulcer advances slowly across the cornea 
while its track is repaired by a leash of blood-vessels which follow in 
its wake. The vessels form a vascular membrane extending from the 
limbus to the ulcer and persist until complete healing has taken place. 
It does not usually penetrate Bowman’s membrane; consequently, only a 
faint nebula remains after its disappearance. When the process *fextends 
far into the depth, protrusion of the altered portions of the cornea, so- 
called keratoectasis e panno, occurs. 

In contradistinction to the keratoectasis always developing upon an 
inflammatory basis, kcratoconus and keratoglobus are terms employed 
to designate changes in the external -form of the cornea, which, according 
to different authors, are of noninflammatory origin. Keratoconus (see 
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Fig. 513) is a gradual thinning of the center of the cornea with conic 
protrusion. The protruded part is at first perfectly transparent, becoming 
opaque only at a later stage, cellular proliferation with subsequent meta- 
morphosis of the transparent corneal lamellae into fibrillated connective 
tissue occurring behind the anterior elastic membrane. Both eyes are 
usually affected in the same manner. 

While keratoconus is observed in young subjects (between 12 
and 24 years) and is especially frequent in females, keratoglobus 
is an affection which is either congenital or develops in the first years of 
life. Keratoglobus is always an accompaniment of h y d r o p h t h a 1 m u s 
(buphthalmus), in which the whole eye is unusually large. This 
general enlargement is caused by increased intraocular pressure, which 
also produces excavation of the optic nerve. Therefore, hydrophthalmus 



Fig. 513. — Keratoconus. 


(buphthalmus) is designated also as glaucoma of childhood. In this 
condition the cornea is enlarged. 

Small and large vesicles, which are formed by accumulation of clear 
fluid between the epithelium and Bowman’s membrane, should not be 
confounded with phlyctenular keratitis. When these w^ater-clcar vesicles 
develop in the cornea of an acute febrile disease they are called herpes 
febrilis corncce. If, however, the vesicle formation is a concomitant of 
herpes zoster ophthalmicus in the region of the trigeminus, the condition 
IS designated as herpes zoster corncce. The cornea becomes insensitive 
and intraocular tension is diminished. Owing to the nerve degeneration 
in zoster, the resulting ulceration is frequently extensive. If smaller or 
larger vesicles develop .synchronously with violent inflammatory phenom- 
ena in a cornea already more or less altered by previous affections {c.g., 
glaucon^) , the condition is known as recurrent keratitis vesic- 
ulosa or bullosa. 

Vesicular keratitis. Vesicles and blebs form upon the cornea 
from various causes. The histologic peculiarities of the different forms 
have not as yet been well differentiated. A superficial corneal edema 
appears to be the dominant factor in their structure. In advanced glauco- 
matous states, microscopic edematous areas are always found between the 
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epithelium Bowman^s membrane. They may attain sufficient size to 
be observed clinicly. They probably result from interference with the 
lymph circulation of the cornea (Oatman). The vesicles, soon rupture, 
leaving small erosions which, as a rule, arc quickly repaired. Occasionally 
they persist and form extensive superficial ulcers. According to Fuchs, 
dendritic forms of ulcer originate in herpes cornece. 

The term keratitis bullosa is applied to the large blebs occurring in 
eyes which, as a rule, exhibit signs of corneal degeneration. The* condi- 
tion is observed in old glaucoma, recurring iridocyclitis, and in extensive 
leucomas of the cornea. Their formation depends upon disturbance of 
the circulation. Relapsing traumatic keratitis bullosa is 
preceded by a superficial wound or abrasion of the cornea. Weeks or 
months after apparent recovery from the injury, a small vesicle or large 
bleb suddenly appears upon the cornea, attended by symptoms of severe 
irritation. They are very ephemeral and usually rupture before coming 
under observation. Recovery is rapid, but they continue to recur for 
years. Corneal vesicles may result from burns, bandaging after opera- 
tions, and in some cases when no reason can be assigned. In most forms 
of vesicular keratitis the anterior wall probably consists only of epithelial 
cells. In bullous keratitis the anterior wall is reinforcerl by a subepithelial 
layer of adventitious connective tissue, the product of preceding inflam- 
mation. Many of these eruptions undoubtedly are due to trophic nerve 
disturbance. 

“Band-shaped” and “girdle-shaped” keratitis are names applied 
to a noninflammatory, nonulcerative corneal opacity, from^ 3 to 5 mm. in 
breadth, which occupies the region of the center of the cornea. Girdle 
opacity occurs most frequently in eyes that are undergoing degeneration 
from intraocular disease, such as iridocyclitis, sympathetic ophthalmia, 
glaucoma, etc. Very rarely, band opacity develops in the aged as a 
primary condition in eyes which appear to be otherwise normal. In this 
form both eyes are affected. Additional opacities may form also in por- 
tions of the cornea unoccupied by the band. The process begins on the 
nasal and temporal sides, extending inward from these points to unite 
at the center of the cornea. The center, being more recent in origin, is 
narrower and less opaque than the ends. As in' arcus senilis, a narrow 
line of transparent cornea is present between each extremity and the 
sclera. It may be years in developing. The opacity is due principally to 
the deposit of lime-salts (probably calcium carbonate and phosphate) im- 
mediately beneath the epithelium, and if examined with a lens is usually 
found to consist of a number of minute dots. In the degenerative type, 
in addition to the lime incrustation, fibrous connective tissue has been 
observed M the superfidal lamellae (probably secondary to the Kme deposit 
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on Bowman’s nfiambrane), and Bowman’s membrane is usually destroyed. 
Hyak>i<l masses also are found. Best describes the presence of a fluid 
exudate beneath the epithelium in the early stage of the affection. 

Sometimes, usually after trauma or abrasion, of the cornea, fine, 
thread-like filaments form in the corneal surface: filamentary ker- 
atitis* They are from 2 to 3 mm. in length, twisted like a rope, and 
have a knob-like attachment uix>n their free extremities. They are 
occasionally seen after cataract extraction, and may be preceded by a 
vesicular eruption. According to Hess, the filaments rest upon an eleva- 
tion af corneal epithelium and are composed entirely of distorted epithelial 
cells. In the terminal knob the cells were greatly degenerated and covered 
with a thick, mucoid material. The twisted arrangement is probably due 
to the constant motion of the lids. Another variety of corneal filament, 
which results from leaking of vitreous through a small corneal puncture, 
as after discission for cataract, has been described by Hess. These con- 
sist of hyaloid material with no ej)ithelial covering. 

Aside from the superficial marginal ulcers of phlyctenular and purulent con- 
junctivitis, the following special forms have been described : Small marginal 
ulcers with a tendency to recur. They usually attack elderly persons with uric 
acid diathesis, and manifest no disposition to perforate the cornea (Fuchs). Zur 
Neddeni has isolatcd^a bacillus to which the power of producing a special form of 
marginal keratitis is ascribed. Two forms of ulceration are .said to depend upon 
its activity: 1. A crescent- shaped (horseshoe) ulcer. 2. Numerous small marginal 
ulcers accompanied by severe conjunctivitis. The micro-organism resembles the 
Morax-Axenfeld bacillus, from which it is differentiated only by culture. 

Keratitis ^d^dritica (furrow keratitis) is a variety of kera- 
titis in which the ulceration extends over the cornea in the form of super- 
ficial, narrow, branching furrows, the end of each furrow terminating in 
a knob-like infiltration. The ulcers may assume other forms, such as 
that of a star: keratitis stcllata, Fuchs describes these ulcers as a form of 
herpes febrilis corne(C. De Schweinitz favors their mycotic origin. 
Charles attributes them to a terminal nerve lesion. Tliis view is not in- 
consistent with that of Fuchs, inasmuch as herpes must be regarded as a 
nerve lesion. A closely allied form of superficial, creeping ulcer is known 
to be due to malaria, De Schweinitz compares the configuration of the 
erosions to the skeleton of a lanceolate leaf. Judging from the course 
pursued by these ulcers, they follow the distribution of corneal nerves. 

Rodent ulcer (Mooren), chronic serpiginous ulcer (Nettleship). 
This form of ulcer begins in the upper portion of the cornea and advances 
slowly over the surfa^'e until vision is destroyed. The anterior, progress- 
ive border is deeply undermined, while temporary cicatrization takes 


i Areh. I Ophth., liv, i, 1902. 
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place over the necrosed area, resembling in this respect rodent ulcer of the 
skin. It involves only the anterior layers of the cornea, exhibiting no 
tendency to perforation. The floor of the ulcer is covered with a* thick 
granulation tissue and proliferating corneal epithelium. It attacks adults 
and individuals of lofW vitality. Andrade^ describes a specific bacillus, but 
his observations lack confirmation. 

Leucomatous Ulcers. — Eyes with old leucomatous cornea are not uncom- 
monly lost from suppuration, which begins in the cicatrix. The subject has been 
investigated by Dulganoff and Sokoloff.2 These investigators cauterized the eyes 
of rabbits and, after cicatrization was completed, experimented on them with 
virulent cultures of streptococci and staphylococci. They found that whe’n the 
epithelial covering of the cicatrix was unbroken no infection of the cornea followed 
introduction of the cultures into the conjunctival sac. They, therefore, concluded 
that the intact epithelial covering of a corneal cicatrix is an efficient protection 
against microbic invasion. On the other hand, when the surface epithelium was 
removed, inoculation of the cicatrix invariably produced a characteristic ulcer with 
infiltration ring and hypopyon. Such ulcers tended to increase in depth rather than 
in superficial area, indicating that cicatricial corneal tissue “melts away much more 
rapidly than normal under the influence of these cultures.” In some cases the 
cauterization was deep enough to destroy Dcscemet^s membrane. If the resulting 
leucomata were inoculated with the cultures, micro-organisms were found in the 
anterior chamber while the ulcer was still superficial, which proves that the bacteria 
penetrate scar-tissue much more readily than tlie normal cornea. When Descemet’s 
membrane was absent the eye was invariably lost from panophthalmitis. According 
to the authors mentioned, Descemet’s membrane forms an impassable barrier to 
the micro-organisms, which were never found in the anterior chamber when this 
membrane was intact, even though the leucoma was otherwise Extensive. When 
a Icucoma was inoculated at a point remote from a defect iy Descemet's incni- 
brane, micro-organisms did not pass into the anterior chamber. In Such ca«es their 
migration appeared to be limited by the infiltration ring which surrounded the 
point of inoculation. 

So-called hyaline, colloid, and amyloid degenerations frequently 
occur in corneal leucomata and staphylomata, and are followed by deposit 
of lime-salts : calcareous degeneration. The nature of these 
products has already been discussed. (See p. 968.) The hyaloid 
material appears between the connective-tissue fibers of the cornea. The 
epithelium also is involved, being invaded by subepithelial outgrowths 
which are later converted into hyaloid material. Similar material is found 
in the intercellular spaces. Calcareous degeneration is a late s^^ge of 
hyaloid degeneration. The calcareous material is said to be deposited 
indei>endently. It occurs in the superficial layers in band keratitis. The 
deposit of lime- salts on Bowman's membrane results in destruction. 
Atheromatous ulcer. The calcareous deposits which form in 

1 Ann. d. Ophtal., xxix, 1900. 

*Arch. f. Augenheilkunde, Jan., 1903; Arch, of Ophth., 1905, p, 370. 
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dense corneal leucomata act as a foreign body in the tissues, from which 
they may be cast off by the process of ulceration. When this occurs, 
the sequence of events differs from that in other forms of corneal ulcer. 
First, a space forms between the calcareous mass and. surrounding tissues. 
Into this the surface epithelium promptly proliferates. Granulation tissue 
springs up, and, by a gradual process of undermining, the sequestrum is 
finally separated. Infection may take place and extensive necrosis ensue. 
(See Lfucomatous Ulcer, p. 992.) 

Aqueous opacities, Quellungstriibung (Leber), corne <2 inter- 
num (y. Hippie). Leber made an opening in the limbus, passed a blunt 
probe into the anterior chamber, and injured the endothelium of Desce- 
met^s membrane, at the center of the cornea. The cornea absorbed aque- 
ous andi became opaque over the point of injury. The experiment 
demonstrated the permeability of Desccmet's membrane when the endo- 
thelium is injured. This explains the transient opacities observed after 
the introduction of instruments into the anterior chamber or when a 
dislocated lens lies against the cornea. Neul and Cornil have demon- 
strated that injection of various fluids into the anterior chamber will pro- 
duce exfoliation of the endothelium. This is followed by opacity of the 
cornea, which contipues until the endothelium is restored. 

Ring abscess. This is a highly destructive form of deep keratitis 
which sometimes follows perforating wounds of the cornea, particularly 
those made by the entrance of small foreign bodies. It may follow opera- 
tions. According to Hankc, it is due to infection with a special bacillus. 
This view, however, is not generally accepted. In a day or two the entire 
cornea is uniformly infiltrated. In the great majority of cases the eye 
is lost from panophthalmitis. In ring abscess the cornea is attacked from 
the rear. The pyogenic bacteria are carried into the eye, where they set 
up uveitis. The endothelium of Descemet’s membrane is destroyed, and 
posterior infection of the cornea follows. The exudate is always periph- 
erally situated, regardless of the location of the wounds, and commences 
as an annular accumulation of leucocytes in the layers of the cornea. The 
lips of the wound may or may not be infiltrated. Morax^ saw ring ab- 
scess in a case of double metastatic (pneumococcic) iridocyclitis. The 
cornea contained no pneumococci, although they were abundant in the 
anterior chamber. Morax agrees with Fuchs that ring abscess is caused 
by the toxins generated by pneumococci in the anterior chamber. 

Striate opacities, so-called striate keratitis. Incised wounds of 
the cqrnea, particularly cataract operations, are sometimes followed by 
the appearance of fine, parallel gray lines extending from the edges of 


1 Ann, d’ocuL, cxxxii, p. 409. 



the woitnd nearly to the opposite margin of ihe cornea. Betwe^a tiie 
striae the cornea is hazy. The lines are supposed to result from wrinkling 
of the posterior layers of the cornea and Descemet's membrane. Striae 
which cross each other in every direction sometimes appear after extrac- 
tion. This variety is supposed to depend upon distention of the comeal 
lymph-spaces. Corneal opacities, resembling creases in crumpled paper, 
may follow the use of very tight bandage. Fuchs and others ascribe 
them to mechanic distortion of the posterior layers of the corn^. The 
thread-like {fadenformig) opacities of Schirmer follow injury. The 
cornea is edematous and contains a central opacity formed by a reticulum 
of fine dark lines. This condition also is due to folding, and Schirmer 
considers it as a late manifestation. Striate opacities, due to wrinkles 
in Bowman’s membrane, have been described by Schirmer. They are seen 
only in phthisical eyes, and the folds are produced by shrinkage of the 
substantia propria. 

Family degeneration of the cornea (Fehr), nodular or guttate 
opacity (Gronouw, Fuchs), lattice or grill-like keratitis (Bibber, 
Haab), reticular keratitis (Parsons), are various terms employed to 
designate a peculiar corneal degeneration which generally attacks both eyes 
and is attended by interstitial opacities in the form qf dots or a very fine 
reticulum discernible with the loupe. The disease is hereditary, develops 
at or before puberty, and many members of a susceptible family are 
usually aflfected. Small, elevated, central opacities appear, which may 
coalesce and form irregular figures. The periphery of the cornea is but 
slightly affected. According to Fuchs, the changes are confined to the 
superficial layers, Bowman’s membrane being destroyed’ They ccmsist 
of edema, swelling of the corneal corpuscles, splitting and disintegration 
of the lamellae, and formation of a finely granular amorphous matter 
which probably is coagulated fluid — changes indicating a mucoid degen- 
eration. Other observers have found urate of soda and^ hyaline material 
in the diseased area. The opacities slowly increase during life. There 
is no irritation unless deposits appear very near the surface. In the case 
of an old woman, Deutschman saw ulceration. This, however, is verj^ 
unusual. In an allied condition, described by Gronouw under the name 
of nodular opacity, elevated spots or patches are distributed over 
the cornea of both eyes. The condition develops very slowly. Fuchs 
examined a case microscopicly and found that the epithelium was elevated 
by edema in the substantia propria. Bowman’s membrane was absent. 
The comeal lamellse were split and the spaces filled with cellular detritus, 
fluid, and amorphous masses which were regarded as coagulation products. 

Disciform keratitis {keratitis disciformis ct annularis) is a deeply 
situated, nonsuppurative form of corneal infiltration which usually ap- 
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Peat'S in middle life. Tlie central portion of the cornea is occupied by a 
diifuse, disk-shaped opacity, surrounded by a dense, ring-like border, 
which is never yellow as in serpiginous ulcer. As a rule, the inflammatory 
reaction is sli^t. The surface epithelium over the infiltration is seldom 
affected, although slight ulcers are occasionally seen in late stages of the 
disease* Hypopyon is absent or very slight. In advanced stages a few 
vessels may extend from the limbus to the disk. It does not result in ab- 
scess <jr necrosis, but after some months subsides, leaving a permanent 
opacity. The condition has been studicTd microscopicly, but -it probably 
results from infection of a corneal abrasion or herpetic vesicle by some 
species of bacteria the virulent tendencies- of which are controlled by a 
cordon of leucocytes. Schirmcr reports a typic case due to infection with 
vaccine virus {keratitis post vaccinolosa). Sy]>hilitic keratitis, congenital 
and acquired, occasionally assumes the form of diskiform keratitis. 

Tuberculosis of the cornea is infrequent. The majority of cases 
are secondary to tuberculosis of the uveal tract. ^ As a rule, the 
disease appears as interstitial keratitis, closely resembling the keratitis of 
constitutional syphilis. It appears also as sclerosing keratitis or as deep, 
circumscribed opacities. Tubercle bacilli do nc>t thrive in corneal tissue 
and can seldom b^ demonstrated; therefore, the diagnosis largely de- 
pends uiK)n the presence of uveal luberculosis and the results of inocula- 
tion experiments. Jn late stages the cornea may be converted into a 
granulating tubercular mass. 1'he histologic changes reported appear to 
have been confounded with those of syphilitic interstitial keratitis and are 
not entitled to much credence, unless associated with tuberculosis of the 
uveal tract. * 

In leprosy the cornea is, as a rule, involved sooner or later. Tt is always 
an endogenous infection. Two forms of the disease appear in the cornea, n;?mcly, 
superficial, and deep. The superficial form, known as kcraiiiis sukcrficialis nodosa 
or punctata, begins at the periphery as small puncta. The spots consist of masses 
of lepra bacilli situated just beneath the epithelium. The nodules cause but slight 
reaction, and cellular proliferation may or may not be excited. Greeff examined 
a case in which the cornea appeared perfectly transparent by oblique illumination; 
nevertheless, microscopic examination reveab*d numerous bacilli in the lymph- 
spaces. The deep parenchymatous form is always associated with anterior uveal 
leprosy. In many of the cases reported, the epithelium was imafTected. Leprosy 
attacks the anterior portion of the eyeball, no changes taking place in the fundus 
until the«cornea is too opaque to permit ophthalmoscopic examination. Leprosy of 
the sclera may extend to the cornea and produce large granulating tumors known as 
lepromata. 

Keratomycosis aspergillina. Inoculation of the human cornea with 
the mold fungus, Aspergillus fumigatus, produces an atypic hypopyon 

Greeff reports a case of tuberculous -ulceration of the cornea following aiito- 
boc^tion with the hnger-nail. 
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keratitis. Several other varieties of pathogenic fungi (PenicUlium 
glaiicuni, Aspergillus nigrans, and the sac char omyces) have been ob- 
served. In Aspergillus nigrans infection the sequestrum is black (Bull). 
In the majority of cases reported, the clinic appearance oi mycotic kera- 
titis is quite characteristic. A localized superficial infiltration is followed 
by an ulcer which has a dry, greasy-looking center surrounded by a gray 
pr yellow line of demarkation. Hypopyon is present, but the iritis is 
mild. In most of the cases reported a history of corneal injury has been 
obtained. Puchs has reported the case of a miller who had an attack 
of herpes cornece febrilis followed by mycotic keratitis. It was assumed 
that infectious material was conveyed to the abraded cornea by flour- 
dust. The aspergillus has been found in simple corneal ulcer. It prob- 
ably occurs more frequently than is generally supposed. The dry center 
forms a sequcvstrum, separation of which is followed by repair. Micro- 
scopic examination of the sequestrum shows it to be densely infiltrated 
by a network of mycelium threads. Fructification docs not take place in 
the cornea. Should the fungus become implanted upon a perforating 
wound, intraocular invasion and loss of the eye may occur. 

Drusen on Descemet’s membrane, hyaline excrescences, 
Henle’s warts. As Descemet’s membrane is a product of the endo- 
thelium, its structure may be modified through functional activity of the 
endothelial cells. The known modifications consist in a progressive in- 
crease in thickness during life, and, frequently, the formation of hemi- 
spheric excrescences upon the peripheral portion of its posterior surface. 
The formations are arranged in from two to four rows irregularly concen- 
tric to the corneal margin, their average height being frorfi 0.(X)3 to 0.006 
mm., rarely exceeding 0.01 mm. When exceptionally large and numerous, 
they are visible to the naked eye and may be mistaken for inflammatory de- 
posits. In rare cases they are scattered over the entire surface. They 
begin in early adult life, and their growth keeps pace with the thickening 
of Descemet’s membrane. Calcifications which are deposited by the endo- 
thelial cells, and are continuous with Descemet’s membrane, may occur in 
old cases. They appear to be identic with the Drusen (colloid bodies) 
which form on the lamina vitrea of the choroid. 

Leber and Rindfleisch have reported cases of hyaloid deposits on 
Bowman’s membrane associated with degenerative changes in the cornea. 
It is improbable that such deposits are identic with the "‘Drusen” which^orm upon 
Descemet’s and Bruch’s membranes, because the contiguous epithelium takes no 
part in forming Bowman’s membrane, which is composed of condensed substantia 
propria, Elsching reports the case of a man suffering from chronic lead poisoning. 
Oblique illumination showed irregular surface reflexes. On microscopic examina- 
tion the external surface of Bowman’s membrane was found to be covered with 
rounded, homogeneous hyaloid deposits.’ The larger deposits were lamellatcd, and 
a line of demarkation was observable between them and the membrane. The sur- 
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face epithelium was not elevated, the deposits existing at the expense of the basal 
cells. Elshnig regarded them as a product of the epithelial cells, but Parsons is 
probably correct •in interpreting them as products of exudates. 

Melanosis Corneas (Pigmentation of the Cornea ). — Congenital pigmentation 
of the cornea is probably always associated with melanosis of the conjunctiva. 
Yamaguci examined the two eyes of a pig with melanosis of the cornea and found 
the pigment distributed among the deep layers of the epithelium. The sclera was 
free. Iron reaction negative. Seliner observed 2 cases among the Javanese. 
The first had ncevus pigmentosus at the limbus and a dark-brown, pigmented spot, 
0.5 mm, in diameter, upon the cornea; the second had pigmented nevus of the 
face, melanosis coiijunctivcc, and a melanotic spot upon the cornea. A section ex- 
cised for microscopic examination showed granular pigment distributed among the 
deep epithelial cells. This condition is to be differentiated from uveal pigment 
deposited on Descemet's membrane as the result of inflammatory processes. Par- 
sons mentions two cases of corneal pigmentation (apparently nonsarcomatous) 
associated with diffuse pigmentation of the conjunctiva, one of which was examined 
microscopicly. As in congenital melanosis, the pigment was confined to the deep 
layers of corneal epithelium, contained no iron, and was not readily bleached. 

Hematogenous discoloration of the cornea has been a subject of consider- 
able discussion. The cornea may absorb a slight amount of blood from subcon- 
junctival hemorrhages or adjacent wounds. Slight hemorrhages into this sub- 
stance are possible from corneal granulation tissue. Of much greater interest are 
those rare cases in which the cornea is stained by blood in the anterior chamber. 
When this occurs, all the cornea, except a narrow line at its jicriphery, is diffusely 
stained from greenish black to reddi.sh brown. It closely resembles and may be 
mistaken for a dislocated, ambcr-colored lens. Absorption of the discoloration 
proceeds slowly from the periidicry toward the center. Most cases are associated 
with increased tension. This is generally considered to be the determining factor, 
but extensive henj^oriliage into tlic closed anterior chamber not infrequentlv causes 
increased tension without producing di.scoloration of the cornea. The opacity de- 
pends upon the presence in the lamelbe of numerous colorless, round, rod-shaped 
or oval granules. Not all iin estigators consider these granules to be the cause 
of the opacity. Romcr observed a case in which they were absent, and Hippie 
found pigment granules in the corneal corpuscles. Nevertheless, the granules, when 
present, must be oDnsidered as causative. The granules are derivatives of hemo- 
globin, but their exact chemic composition is undetermined. According to Collins, 
a solution of hemoglobin in aqueous humor filters through Desceinct’s membrane ; 
Weeks thinks that it enters by way of Fontana’s spaces. Hyphemia and increased 
tension arc common conditions which not infrequently are combined, while hema- 
togenous discoloration of the cornea is very rare. It would, therefore, appear that 
some additional factor, not improperly a lesion of Dcscemet’s membrane, is neces- 
sary for Utt^ntrance of the blood-stained aqueous into the cornea. 

Discoloration of the cornea may be due to the presence of various metals, 
such as iron, lead, silver, copper, etc. A common discoloration results from grains 
of gunpowder burned into the cornea. In argyrosis, Weeks^ considers that 
the silvijr is deposited as the chloride, subsequently being reduced to the metallic 
state, Descemet’s membrane, from its affinity for silver, stains deeply (Knies^). 
Parsons describes a case of siderosis in whicji pigment granules were confined to the 


1 N. Y. Infirm. Rep., 1904. 

® Knapp’s Menatsch. f. Augenheilkunde, 18, 1880. 
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corneal corpuscles. According to Hirschbcrg,! the pigment in the cornea after 
tattooing for leucoraa forms masses between the fibers of the cicatricial tissue, in 
the wails and luniina of blood-vessels, and occasionally in the connective tissue and 
epithelial cells. 

In conclusion, a brief resume of the different corneal opacities 
may be given. These are partly of inflammatory (in ulcers and 
infiltrations), partly of noninflammatory {malum senile origin, 

and may either disappear (phlyctenular, fresh pannus, keratitis 
parcnchymatosus) or remain stationary (connective-tissue pannus, 
cicatrices, etc.). When the opacities are delicate, translucent, bluish 
white, they are called maculcc or nebeculcc cornccc; these have no sharp 
contour. Stronger, vascular and nonvascular, gray-white or white opac- 
ities are generally more sharply defined (leucoma). If the opacity is 
elevated, the condition is either an ectatic cicatrix (keratocctasis ex ul- 
cere, e panno, staphyloma) or a protrusion with subsequent opacity 
(keratoconus, keratoglobus). Depressions of small areas 
are always the result of slight superficial losses of substance (corneal 
facettes); they are not opaque. Flattening of the whole cornea 
{applanatio cornccc) is caused by retraction of cicatricial tissue, and, 
therefore, is always associated with complete opacity. 

Tumors of the cornea. A few cases of true papillomata of 
the cornea have been reported in medical literature. Bowman’s mem- 
brane is more or less destroyed, but the substantia propria is not invaded. 
The entire cornea may be covered with the growth. “Horns*’ are usually 
formed by hornification of the cells of a papilloma. So-called fibromata 
of the cornea usually originate in old cicatrices and consist of hyper- 
plastic scar-tissue. True fibroma of the cornea, however, has occasionally 
been seen. Several cases have been reported as myxoma of the cornea. 
It is doubtful whether they were true myxomata or edematous fibroid 
polypi originating in hyperplastic scar-tissue. A dermoid situated at 
the limbus may rest upon lx)th the conjunctiva and cornea. These growths 
are rarely, if ever, limited to the cornea. A few corneal growths have 
been reported which presented the microscopic features of sarcoma. 
The majority of these were pigmented. Endothelioma undoubt- 
edly occurs in the cornea. In the great majority of cases epill:^flioma 
of the cornea originates in the conjunctiva. All cases reported as primary 
in the cornea have been preceded by corneal injury. Nonmalignant cor- 
neal epithelium will proliferate and fill every accessible crevice in the 
cornea, and when infiltrated throughout a porous wound presents a 
microscopic picture closely resembling epithelioma. 


I Arch. f. Ophth., 28 , i, 18 ^. 
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Cysts of the cornea are extremely rare. The principal forms are the epi- 
thelial and lymphatic. The most frequent is the epithelial, so called because its 
cavity is lined \\(ith epithelial cells. It usually originates from the epithelium of 
the conjunctiva engrafted upon the cornea. This may resplt from the formation 
of adhesions between a corneal erosion and the overlapping, chemotic con- 
junctiva. It is generally believed that cysts may be due to traumatic implantation 
in the cornea of epithelium or fragments of uveal tissue. When cysts follow pene- 
trating wounds, the sequence of events is believed to be as follows: — 

(a^ The epithelium rapidly proliferates and lines the wound with epithelial 

cells. 

(b) Instead of uniting from the bottom outward, the wound may close super- 
ficially, thereby isolating the epithelium which has extended into the wound. 

(r) The isolated epithelium may, under favorable conditions, proliferate and 
form a cyst (Oatman). 

Cysts may develop in the corneal portion of a pterygium. Lymphatic cysts 
are formed in the substantia prof>ria from dilation of the corneal lymph-spaccs. 
The corneal structure is too dense to permit any distention of its lacunae from 
obstructed circulation; therefore, extensive atrophy of the lamellae always precedes 
dilation. The atrophy may be due to malnutrition incident to pathologic changes 
in the pericorneal capillary system (Oatman) ; presence of a foreign body in the 
cornea, as in a case reported l)y Colburn, or of tumor elements, as in a case of 
Winterfteiner, Cysts may form in the track of a corneal fistula (Czermak). 
Wuerdeman has reported an echinococcus cyst of the cornea. 


THE SCLERA. 

The sclera,^ like the cornea, is composed of bundles of connective-tissue 
fibers arranged in equatorial, meridional, and oblique directions. The arrangement, 
however, is less jcgfilar and more compact than in the cornea. The sclera is also 
rich in yellow elastic fibers. In early life the cornea and sclera possess a uniform 
structure. The differentiation which normally ensues may be incomplete, whereby 
portions of the sclera appear to encroach upon the cornea ^ (Sec arcus juvcnalis.) 
Upon the inner surface of the sclera is a pigmented membrane — the lamina fusca — 
covered internally and externally by endothelial cells. Isolated groups of pigmented 
cells may occur rdso in any portion of the sclera. As the sclera is comparatively 
nonvascular, wounds of this structure are repaired by mater. al furnished from 
contiguous vascular membranes, namely, the choroid and conjunctiva. 

Owing to its very hard, firm, poorly vascular and poorly cellular structure, 
the sclera is but slightly disposed to inflammatory processes. Adjacent inflamma- 
tions purulent keratitis), therefore, very seldom extend to the sclera. In 

rare cases an independent inflammation of the sclera : scleritis, is observed, 
the etiol^gy^ and nature of which, however, are still but little understood. A 
superficial form : episcleritis, and a deep form : scleritis, are generally 
differentiated. 


Wi;Xi)^rs: dry, hard 

* According to Parsons, these cases are inflammatory in origin. While this 
may be true in some cases, there is no doubt that others are due to arrested 
development, 

* According to observations thus far published, syphilis and tuberculosis, and 
proliably also gout and rheumatism, appear to be the most frequent causes. 
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Episcleritis is characterized by the occurrence of smooth, sharply 
defined, dark-red, inflammatory maculae or nodules, about the size of a 
lentil, in the anterior half of the sclera. The conjunctiva movable over 
these dense and usually sensitive nodules. They are composed of round 
cells, occasionally polymorphonuclear leucocytes, and sometimes extrava- 
sations of blood, inflammatory edema existing in the affected areas. The 
nodules disappear after a few weeks by absorption (never by ulceration), 
leaving only a slate-colored ‘'cicatrix, which is somewhat firmly bound 
to the conjunctiva and sometimes also somewhat flattened. This episcle- 
ritis frequently recurs, so that the whole cornea may finally be surrounded 
by a slate-colored zone. Both eyes are usually affected. 

Scleritis cannot always be sharply differentiated from episcleritis ; 
the characteristic features are furnished only by the sequelae and compli- 
cations occurring in the remaining parts, especially the iris, choroid, and 
cornea. Scleritis also begins with the appearance of small, slightly ele- 
vated, dark-bluish-red spots, which are somewhat less sharply circum- 
scribed. These spots likewise disappear after a time by absorption and 
also leave colored cicatrices, which, however, in contradistinction to epi- 
scleritis, are always associated with permanent bulging, owing to thinning 
of the sclera. In this manner ectasis of the sclera — so-called scleral 
staphyloma — is produced. Many cases of scleritis and episcleritis 
have a tuberculous origin, especially when associated with keratitis. 
Rarely, scleritis is due to constitutional wsyphilis.^ 

The complications of deep scleritis are kera^titis (so-called 
sclerosing keratitis — a triangular opacity of thd deep corneal 
layers which, in frequent relapses, gradually results in permanent opacity 
of the cornea); iritis (with subsequent posterior synechia, sometimes 
with adhesions of the pupillary margin, but never with hypopyon), and 
choroiditis (with subsequent opacity of the vitreous). This scle- 
ritis also is usually bilateral and frequently recurs. Deep scleritis differs 
microscopicly from the superficial form only in so far as the cellular 
exudation is more diffuse and intense. It is doubtful whether the deeper 
forms ever exist without more or less involvement of the superficial layers. 

As the affection is associated with permanent thinning and ectasis 
of the sclera, relapses finally cause all the cornea in the regioq, of the 
ciliary body to bulge, the sagittal diameter of the globe being thus in- 
creased. This change in the form of the globe is called ciliary staph- 
yloma.^ After a time, owing to irritative phenomena and increase 
of intraocular pressure, complete blindness results. 

1 Diagnosis confirmed by Wassermahn test. 

^ Strictly speaking, the term ciliary staphyloma should be applied to protrusion 
of that portion of the sclera which covers ute ciliary body, and, the term inter- 
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A special form of deep sclcrilis has been described by Schlodtmann 
under the name of ‘'gelatinous infiltration of the sclera."' 
Inasmuch as it completely encircles the cornea, Parsons suggests as pref- 
erable the term “annular scleritis.” Although the ‘cases thus far exam- 
ined show great morphologic variations, they resemble each other clinicly. 
It is a disease of advanced life. Nodules form and slowly coalesce until 
the cornea is completely surrounded and ultimately invaded. It is 
associated with progressive uveal disease, which terminates in loss 
of vision. Roosa and Oatman have reported a case in a myope. In addi- 



Fig, 514. — Annular scloritis. (After photomicrograph by E.L. Oatman, M.D.) 


tion to the usual symptoms, there was obstruction of the anterior ciliary 
vessels, which produced a glaucomatous condition, while invasion of the 
tendinous attachment of the external rectus muscle and subjacent sclera 
resulted in extensive equatorial staphyloma. The deposit did not extend 
backward beyond the 7'cna vorticoscc, Tlistologicly, the deposit resembled 
young ^granulation tissue. Calcareous degeneration of the sclera may 
occur in certain forms of glaucoma aside from other calcareous deposits 
in the eye. Verhoeff obtained a positive Wassermann reaction in a case 
of ajinular scleritis. He also examined two preparations from cases of 

callaty staphyloma to the bulging which occurs in the narrow zone of sclera present 
between the ciliary body and cornea. Intercallary staphyloma is observed only 
where the root of the iris is adherent to the periphery of the cornea. The two 
forms are most* frequently associated. 
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Schlodtmanh, Friedland, Parsons, and Oatman, and concludes that all 
these cases were syphilitic in origin, and that the lesion k analogous to 
syphilitic aortitis. , ♦ 

Trauma of the sclera occurs either as the result of the action of 
blunt force upon the globe: ruptura sclera from contusion, or penetra-- 
lion of a sharp-pointed object (instruments, glass and metal fragments, 
etc.) into the sclera with and without perforation. In the first case 



Fig. SIS.— Annular scleritis. At this point the external ^third of the 
scleral substance has been supplanted by the deposit. Fragments of disinte- 
grating scleral fibers are scattered through the mass. (After photomicro- 
graph by £. £. Oatman, M.D.) 

an arch-shaped rupture almost always occurs in the neighbor- 
hood of and concentric with the corneal margin. 

Every trauma of the sclera, with and without solution of colSdnuity, 
may be accompanied by marked hemorrhage from the choroid, retina, 
or ciliary body into the anterior chamber and vitreous. 

The further changes in trauma depend essentially upon whether 
parts in the interior of the eye are displaced (e.g., luxatio leniis) or have 
prolapsed through a perforation, or whether infectious germs have con- 
taminated the wound. If no infectious germs enter the wound, healing 


THE SCLERA. 


1003 


sometimes occurs by primary intention. If internal parts are displaced 
or have prolapsed into. the wound, healing does not progress so quickly 
and is usually incomplete. Indeed, further disturbances frequently occur; 
not rarely when healing is apparently completed, retraction of the cicatrix 
causes traction upon the uvea and may result in irido- 
cyclitis, detachment of the retina, increase of intra- 
ocular pressure with excavation of the optic nerve, etc. 

ifupture of the sclera from a blow usually occurs in the upper and 
inner segment, a few millimeters from the margin of the cornea. This 



Fig. 516. — Posterior edge of the scleral deposit. The right-hand side of 
picture shows area of new invasion. The cells appear first in and around the 
walls of the blood-vessels. (After photomicrograph by E. L. Oatman, M.D.) 
(Bausch and Lomb, Obj,, J4 ; Ocul., > 2 .) 

point of selection is attributed to impact of the eyeball against the pro- 
jection formed by tlie pulley for the superior oblique muscle. Rupture 
from blunt force may, however, occur elsewhere. Rupture may occur 
at the junction of the sclera and lamina cribrosa, and result in hernia 
of the retina into the sheath of the optic nerve. 

A^e from the thickening observed in phthisis bulbi, hypertro- 
phy of scleral tissue may occur from the presence of a foreign 
body or in response to the irritation of a neoplasm in the orbit. While 
intraocular growths readily perforate the sclera along the course of blood- 
vessels, the sclera thickens and offers resistance to invasion of the eye 
from without. The sclerotic tissue softens and breaks down more readily 
when in contact with tubercle than with other growths. 
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Abscess of the sclerotic has seldom, if ever, been observed. Super- 
ficial suppuration has been reported in glanders. It is more probable that 
the abscess developed in the episcleral tissue. In purule^it choroiditis, 
erosion and perforation of the sclera are late events. G u m m a t a may 
extend from the ciliary body to the sclera. A few cases of gummata 
limited to the sclerotic have appeared in literature, but no microscopic 
examination in which other structures were not involved have been made. 

If infectious germs enter the wound or the interior of the eye during 
or after trauma, the sequelae may be either a violent panop hthal- 
m i t i s ending in suppuration of the whole globe or an‘ exu- 
dative iridocyclitis which, as a result of organization and shrinkage of the 
exudate, causes diminution of the whole globe: atrophia bulbi, 

Ectases (staphylomata) of the sclera involve either the 
whole sclera (total ectases) or only a part (partial ectases). 
The latter are divided, according to their location, into anterior (an- 
terior sclerostaphyloma, frequently annular), equatorial (equatorial 
staphyloma, never annular), and posterior. The latter are located 
either beneath the posterior pole and consist in a congenital dilation from 
incomplete closure of the fetal palpebral fissure : posterior scleral 
protuberance of Ammon (coexistent with col'Sboma: cleft of 
the choroid), or they are situated external to the entrance of the optic 
nerve and consist in thinning and protrusion of the posterior pole, as a 
result of which the polar axis of the globe is elongated (usually asso- 
ciated with myopia) : staphyloma posticum Scarper. ^ Ectasia occur- 
ring over the ciliary body is termed ‘'ciliary staphyloma.'* 
When between the ciliary body and cornea : “intercallary staphy- 
loma. * * 

Total ectasis consists in enlargement of the whole globe and occurs 
only in childhood, when the sclera, as a whole, is still distensible. (See 
Keratoglobus, p. 988.) ^ 

Tumors of the sclera are among the greatest rarities. The primary 
growths are fibromata, sarcomata, and osteomata. Secondary growths 
are more frequent and, as a rule, start from the interior of the eye : gli- 
oma of the retina, sarcoma of the choroid, etc. A case reported as 
‘telangiectasis of the sclera was undoubtedly episcleral. ^ 

While the occurrence of tubercle limited to the sclera is doubt- 
ful, this membrane is readily invaded by adjacent tuberculous processes. 
Both scleritis and sclerokeratitis frequently give a local reaction to injec- 
tions of tuberculin. 

In leprosy the nodules may appear in the episcleral tissue and 
slowly invade the deeper parts. 

Cysts of the sclera are unusual. 
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Coats examined microscopicly a case of posterior scleritis resulting 
from noninfectious infarction of a posterior ciliary artery. There 
was necrosis of the inner third of the sclera and of the entire thickness of 
the retina and* choroid throughout the affected area. 

THE LENS. 

The lens, lens crystallina, lies loosely upon the posterior surface of the 
iris, arxl, in common with the zonula of Zinn (ligamcntum suspensorium lentis), 
separates the anterior chamber of the eye from the vitreous body. The anterior 
surface of the lens is slightly, the posterior markedly, convex. The lens is orien- 
tated as follows : It is said to have an anterior and posterior pole and a polar axis. 
The junction of the anterior and posterior surfaces is termed the equator. 
Lines which intersect the poles are the meridians; the vcrtic and horizontal 
meridians are the ones most frequently mentioned. 

The lens consists of a homogeneous capsule and the so-called lens fibers. 
It is entirely an epithelial structure formed by invagination of the epiblast. The 
epithelial surface is directed into a closed cavity ; consequently, the epithelium 
cannot be cast off. The capsule is thickest at the anterior pole and thinnest 
posteriorly. The embryonic lens capsule is lined throughout by epithelial cells; 
in fact, it is probable that the permanent capsule is a cuticular formation deposited 
by the epithelium, as is Descemet’s and Bruch’s membranes. The epithelia of the 
posterior half of the capsule elongate and form the lens fibers, leaving this portion 
without an epithelial lining. The epithelium of the anterior half persists through- 
out life. At the equator the anterior cells gradually elongate and pass into fibers. 
This region is known as the transition zone. The lens continues to grow during 
life, the cells at the zone of transition supplying young fibers, while the old fibers 
are gradually pressed into the center of the lens, where they coalesce and form the 
nucleus. The central portion of the lens becomes differentiated at an early age 
by a greater density and hardness, so that even at puberty a nucleus and cortex 
can be distinguished. There is no sharp line of demarkation between these, but a 
gradual transition. As age advances, the nucleus usually becomes larger as the 
result of progressive sclerosis, and the soft, adjustable cortex diminishes until, 
finally, in extreme old age, the whole lens sometimes consists of firm, rigid 
(sclerotic) nuclear substance. This progressive hardening of the lens, which com- 
mences in infancy and continues throughout life, is attended by gradual loss of 
lenticular elasticity and diminution of the power of accommodation. This con- 
stitutes presbyopia. 

The ligamcntum suspensorium Icniis [aonula Zhinil) consists of delicate 
libers which fix the lens in position. These fibers start from the inner surface of 
the ciliary body and arc inserted at the equator of the lens. The zonular fibers 
arising from the posterior aspect of the ciliary body pass forward and are attached 
to the atiterior surface of the lens, while those arising in front, from the ciliary 
processes, pass backward and are attached to the equator and posterior surface of 
the lens. This crossing of the suspensory fibers creates a triangular space formerly 
called the canal of Petit. 

Ijnder normal conditions the lens continues to increase in size during life. 
It has been suggested that cessation of growth may be the first step in the forma- 
tion of senile cataract. The shrinking oX the nucleus not being compensated by 
develt^ment of new fibers, it becomes loose in the cortic substance. 
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Opacities of the lens^: cataracts^ depencl upon a usually slowly 
developing alteration of the optic character of the clear, transparent 
lens-tissue- Cataract may be stationary or progressive. Progressive cat- 
aract is divided into the following four stages: — 

1. Cataracta incipiens: The light-gray opacity is still limited to certain areas, 
between which the lens is clear and transparent. 

2. Cataracta intumescens: The whole lens is swollen, enlarged, and whitish, 

iridescent opaque. ^ 

3. Cataracta matura: The swelling has subsided and the lens returned to its 
ordinary size; it is dull, whitish gray or somewhat brownish in color, and easily 
removable from the capsule — ripe for operation. 

4. Cataracta hypermatura: The lens begins to atrophy, so that in many cases 
only an opaque membrane {cataracta membranacea) finally remains. This offers 
so little support for the iris that it sways back and forth on movement 
(i r i do d o n e s i s). 

Comparatively few satisfactory observations have been made upon the 
pathology of cataract.^ Histologic investigations have given the following: — 

True inflammation docs not occur in the lens. The changes are proliferative 
and degenerative processes confined to the epithelium and degenerations which 
occur among the lens fibers. The most varied degenerative changes may occur 
also as a result of surrounding inflammation. Priestly Smith found that at the 
beginning of lenticular opacity the volume of the lens is diminished. This is due 
to shrinking of the lens fibers. This stage is of short duration and is immediately 
followed by increase in volume due to appearance of fluid between the fibers. In 
rare cases resorption occurs at this stage and the lens regains its transparency. The 
change next noted is separation of the fibers at the periphery. The interfibrillar 
fluid coagulates into globules, known as Morgagnian bodies. Then fol- 
lows degeneration of the cortic fibers, which break up into spheroid masses 
resembling Morgagnian bodies, but distinguished from them iJy tfieir reactions to 
stains. Albuminous and fatty deposits, cholesterin, fatty crystals, and detritus 
appear later. Hyaline and calcareous changes are not uncommon. The capsular 
epithelium may exhibit proliferation or degenerate and disappear. The cells may 
deposit Drusen on the inner surface of the capsule or proliferate and line the 
posterior half of the capsule. Large vesicular cells are frequently observed. In 
senile cataract the nucleus usually remains normal. < 

As degeneration progresses the lens begins to decrease in size from loss of 
fluid (beginning absorption) ; the disintegration of the lens fibers progresses, espe- 
cially in the external portions of the cortic layer, so that the union between lens 
and capsule is more and more loosened. The further changes vary according as 
the nucleus of the lens is hard (cataracta dura) or soft (cataracta mollis) ; in the 
latter case, i.e., in young persons before puberty, the whole lens disintegrates to a 
detritus: cataracta lactea; in elderly persons, on the other hand, only tile cortex 


^ Cataract, from itarA and pdv , because the ancients believed the opacity in 
cataract was in front of the lens and developed as the result of exudation of a 
cloudy fluid from above between the iris and lens (Fuchs). ‘ 

^The greatest difficulty in studying the pathologic changes in the lens are 
the artefacts produced during preparation of H^ecimens for mtcroscq>ic examina- 
tion, These artefacts are often indistingutshable from pathologic alterations. 
Fost-mortem changes also are very confusing. 
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softens. In course of time the sclerotic nucleus may sink to the bottom : hyper- 
mature cataract (cataracta Morgagni), In such cases the nucleus may 
change its position with the movements of the eye. In rare cases in children, all 
the softened len^ may be absorbed, so that, finally, only the empty capsule remains : 
cataracta cystica. 

The epithelium is subject to pathologic changes in cataract. Proliferation 
occurs in anterior capsular cataract, rarely in commencing fienile cataract, usually 
in hypermature cataracts, and occasionally in other pathologic conditions of the eye. 
Large vesicular cells may form from the epithelium as well as from the lens fibers. 
Degen^ation of the epithelium may be manifested by the deposition of hyaloid 
bodies (Drusen) on the capsule. Complete disappearance of the epithelium has 
been qjbserved in glaucoma and from the presence of foreign bodies in the eye. 

Special forms of cataract. Senile cataract usually affect's both 
eyes successively. As a rule, the nucleus is unchanged until the cataract 
is hypermature. The early opacities vary in appearance. The most fre- 
quent forms consist of (1) radiating lines extending from the equator 
toward the axis like the spokes of a wheel. They are produced by accu- 
mulation of fluid in spaces formed where the lens fibers abut and form 
the lens star. These radii may be situated in the anterior or posterior 
section of the cortex. (2) Central cataract is a diffuse opacity 
appearing immediately around the nucleus. This form is to be differ- 
entiated from nuefear cataract, which is confined to the nucleus. (3) An 
irregular, disk-shaped opacity deeply situated in the cortex. It has a thin, 
web-like appearance. This differs from posterior cortic cataract. (4) 
In the very old, a ring-shaped opacity may appear near the equator, which, 

from its resemblance to arcus senilis of the cornea, has been termed arcus 
# 

senilis leniis.a Two rings are usually seen: one in the anterior and an- 
other in the posterior layers of the lens. This form is comparatively non- 
progressive, and, owing to its peripheral situation, interferes little with 
vision. In rare cases cataract commences in the epithelium of the an- 
terior capsule and extends to the lens. 

Punctate* cataract (cataracta senilis prematura punctata) com- 
mences in early middle life (30 to 40 years of age) ; the spaces (opacities) 
are isolated in the cortex around the periphery of the nucleus. They 
contain a finely granular coagidum. The nucleus is normal. Usually 
the opacity becomes total. 

Iij black cataract (cataracta nigra) the entire lens has scle- 
rosed, i.e,, both cortex and nucleus. Contrary to the popular idea, 
these cataracts contain no trace of blood-pigment, although a very black 
cataract may be caused by hemorrhage. 

*With progressive loss of water, the disintegrating lens becomes more 
and more inspissated ; separation of cholesterin crystals and partial calci- 
fication occur. In other cases calcification begins so early that the lens 
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is in great part or entirely petrified: petrificatio lentis (cataracta caJ-^ 
carea). 

Ossification of the lens occurs very rarely. It is a prerequisite that 
the capsule should have been opened or absorbed to afford entrance to 
the bone-corpuscles. * 

The term complicated cataract is used to designate lenticular 
degenerations due to other disease of the eye which interferes with the 
nutrition of the lens. They are produced by a variety of diseases, ]|;^otably 
iridocyclitis, hypopyon ulcer, glaucoma, retinitis pigmentosa, etc. As a 
rule, the opacity first develops in the cortex at the posterior pole:,pos- 
terior cortic cataract. Degeneration of the anterior pole usually 
follows, and the entire lens ultimately becomes opaque. In these cataracts 
the entire lens shrinks and becomes distorted. The capsule thickens, 
while the lens fibers liquefy and are absorbed. In an active pathologic 
process, such as panophthalmitis, tuberculosis, etc., the capsule may be 
perforated and the lens invaded. 

Toxic cataracts have been caused by ingestion of ergot and naph- 
thalin. They are believed to be produced by nutritive disturbances, be- 
cause a len* immersed in these liquids docs not become o])a(iue. Cataract 
occurs in a certain proportion of cases affected witl] diabetes mellitus. 
This is generally attributed to absorption of water from the lens by sugar 
in the aqueous. Injections of sugar and salt solutions may cause opacity 
of the lens, but only when the solutions arc very much stronger than is 
ever found in the aqueous. The epithelial cells of the ciliary processes 
suffer in diabetes and are separated from their attachments. Therefore, 
the lens may simply become opaque from lack of nutrition’ or some un- 
known toxic material may be developed in the system in this disease 
which exhibits an affinity for the lens. The patliologic changes in the 
lens usually commence just beneath the capsule. They are similar to 
those found in other forms of cortic (soft) cataract. Ordinary senile 
cataract may occur in a diabetic individual. Diabetic cataract is usually 
bilateral, occasionally unilateral. 

Traumatic cataract is not always preceded by a wound; it de- 
velops also after action of blunt force, as well as after lightning stroke 
or other violent discharge of electricity and convulsions. When the cap- 
sule has been injured, the subsequent changes depend upon wh^her it 
has been perforated or not. Small, nonperforating injuries usually close 
and often leave only a minimal opacity. Large, perforating wounds usu- 
ally result in opacity of the whole lens, owing to the action of the aqttpous 
upon the lens fibers. The latter swell and push their way partly through 
the capsular wall into the anterior chamber. If they are exposed to the 
action of the aqueous foV a long time, all of the opaque lens fibers are 
completely absorbed. * 
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Traumatic cataract is not infrequently complicated by inflamma- 
tions, especially iritis and iridocyclitis, which result in adhesion of the lens 
to adjacent parts, or panophthalmitis with destruction of the whole eye 
or plastic iridocyclitis with termination in atrophia htllbu 
* Juvenile or congenital cataract may be partial or complete. Usu- 
ally they are bilateral. A similar type of cataract develops in early life. 
The partial variety is called lamellar cataract. The degenerative 
proces^is confined to a zone between the nucleus and cortex, it forms 
an opaque envelope to the nucleus. In the affected region are spaces filled 
with granular and hyaline material. The nucleus is usually shrunken. 
After remaining stationary for a long time, lamellar cataract may subse- 
quently be converted into total cataract. 

In general soft cataract the changes are as described above, 
except that the spaces are larger. Although soft cataracts may develop 
in children without known cause, nevertheless, lamellar cataracts and an 
allied form, namely, soft nuclear cataract, are usually associated with 
dyscrasise affecting nutrition, as shown by defects in the osseous struc- 
tures. There is frequently a history of convulsions. Most of the sub- 
jects exhibit evidence of rickets. 

Fusiform (c a 1 1 i f o r m , spindle) cataract is a congenital 
cataract which assumes a coral-like formation. It is usually associated 
with lamellar cataract. The shape is attributed to adhesions between the 
nuclear portion of the lens and the anterior and posterior walls of the 
capsule. The subsequent growth of the lens draws the opaque fibers out 
into their characteristic form. It has also been ascribed to degeneration 
of the lens fibers during fetal life, when they pursue an axial direction. 
The following observatio/is have an important bearing upon the develop- 
ment of congenital cataracts. Hess found in a 5-day-old chick that the 
lens sac, which at this time should have been closed, was still connected 
with the skin slirface by a narrow canal through which young lens 
fibers were proliferating. Hess, therefore, argued that, should the lens 
sac close at this stage and undergo degeneration, the young, central, de- 
generated fibers would remain as a permanent central opacity. The lens 
grows by the external deposition of new fiber layers. During growth (in 
infancy or fetal life) the external layers may become opaque, and new, 
nonopaique fiber layers may later be formed externally. This has been 
advanced as the reason why lamellar cataract is limited to a small fiber 
layer between nucleus and cortex. 

Afttarior polar cataract. Loosely applied, this term is used to 
designate any opacity situated at the anterior pole of the lens, either cor- 
tic Or capstiiar. Anterior cortic cataract is an ‘opacity in the cortex 
and appears in complicated cataract It occurs also as a result of 

• .64 
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capsular cataract. Anterior capsular cataract is sometimes due to per- 
sistent pupillary membrane. It is, however, most frequently due to pro- 
liferation of the capsular epithelium and corresponding degeneration of 
the contiguous lens fibers. Some writers consider that the degeneration 
of the fibers antedates tlie proliferation of the epithelium. The mass is 
gradually transformed into a hyaloid substance, or it may resemble con- 
nective tissue. The latter appearance is due to the inherent tendency of 
these cells to elongate and form fibers. In course of time the adjacent 
epithelium spreads over the posterior surface of the opaque area. They 
may deposit a cuticular membrane indistinguishable from the original 
capsule. Anterior capsular cataract is usually caused by prolapse of the 
lens against a perforating corneal ulcer. It is sometimes congenital. In 
children it is said to result from transient contact between the unbroken 
cornea and lens. In adult life this cause is insufficient to produce pro- 
liferation of the lens epithelium. In old capsular cataracts, retrograde 
processes are common, which may terminate in calcareous degeneration. 
The deposition of iris pigment and inflammatory exudates in iritis is 
sometimes classed as a form of capsular cataract. The term capsular 
cataract is, perhaps, a misnomer, inasmuch as the capsule itself is not 
affected. True opacity of the capsule has, however, been found by 
Treacher Collins in imperfectly developed eyes. 

Posterior polar cataract also may be situated either in the cortex or 
on the capsule. Posterior cortic cataract is a stellate or rosette-shaped 
opacity in the posterior portion of the cortex, and occurs in complicated 
cataracts, i.e., where serious internal eye disease coexists. This is the 
form that appears also among glassblowers : glassblowers’ cata- 
ract. Posterior capsular cataract consists of a .small, white, round 
opacity upon the posterior surface of the cap.sule in the region of the 
posterior pole. This form is always congenital and is due to the fact that 
the arteria hyaloidea, which in fetal life traverses the vitreous from the 
disk to the lens and supplies the vascular envelope of the fetal lens, has 
not been completely obliterated, but remains as a permanent opacity upon 
the surface of the capsule. 

The membrane which persists or forms after cataract extraction is 
termed secondary cataract. It may consist of the posterior portion 
of the capsule, or it may be a new-formed tissue of inflammatory 
origin. After operation some lens matter usually remains behind in the 
capsule, but this is mostly absorbed and is not a common cause of sec- 
ondary cataract. The cells which line the anterior capsule may proliferate 
and fomi distorted lens fibers, or they may deposit a hyaloid membrane 
over the posterior capsule. These formations frequently resemble an- 
terior polar cataract microscopicly and in their pathologic changes. 
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Opacities due to deposits on the hyaloid membrane of the vitreous have 
received the name ofhyaloidcataract. 

False position of the lens is either congenital or ac- 
quired. Congenital false position: ectopia lentil congenita, is due to 
unequal development of the suspensory ligament of the lens, so that this 
is generally longer in the upper part than in the lower, and the poles of 
the lens lie below the sagittal axis of the eye. 

hjvery acquired false iX)sition is a dislocation. When there 
is only slight obliquity or lateral displacement, it is called subluxa- 
tion^ when associated with complete displacement, it is called luxatio 
Icntis, Acquired changes of position originate either spontaneously 
or as a result of t r a u m a . Spontaneous dislocation is the result of soft- 
ening and disintegration of the suspensory ligament in liquefaction of 
the vitreous (after choroiditis, etc.), and as a congenital condition from 
elongated or deficient zonula. It develops also as the result of atrophy 
of the suspensory ligament in overripe and atrophied cataract. Trau- 
matic luxation occurs princii)ally as the result of action of blunt 
force by laceration of the zonula Zinnii, "J1ie lens may thus prolapse into 
the anterior chamber or commonly the vitreous. Dislocation beneath the 
conjunctiva or intio Tenon’s space may also occur. Dislocated lenses 
may change their position : thus, they may be in the anterior chamber at 
one time and in the vitreous at another. These are called ‘wandering 
lenses.’’ In every instance the iris loses its tension (iridodonesis). The 
luxated lens becomes opaque in consequence of the altered nutritive con- 
ditions. LuxjjticJn may subse(|uenlly develop from subluxation as the 
result of traction of the flaccid iris upon the suspensory ligament. The 
further sequelae of luxation of the lens are variable. In favorable cases, 
in dislocation into the vitreous, the lens may gradually disappear by ab- 
sorption; in unfavorable cases the nonfixed lens causes irritation and 
inflammation: •keratitis, iridocyclitis, increased tension (so-callcd sec- 
ondary glaucoma), etc. 

Foreign bodies are found in the lens when the capsule has been 
opened. Iron can be demonstrated in a lens with intact capsule in cases 
of siderosis bulhi. In such instances the metal enters the lens in solution. 

The lens may be invaded by extension of adjacent glioma, tubercles, 
or supiftiration. 

Rare cases of parasitic invasion of the lens have appeared in medical 
literature. , Filaria, Oxytiris 7'crmiculans, trematodes, distoma, monos- 
totnaf and cysticercus have been reported. These reports, however, are 
not accepted by all writers. Nevertheless, among fishes epidemics of 
Witldness occur, due to the presence .of a parasite between the lens and 
its capsule. 



Mailormatioiis. — Coloboma of the lens appears to be infrequent, 
although, owing to its peripheral position, it may frequently be over- 
looked. In more than half the cases there is an associated coloboma of 
other eye structures;, iris, choroid, etc. Usually, the malformation con- 
sists of a slight peripheral notch, directed downward. Other forms are 
a linear defect with a small protuberance, or the lens may be elongated 
and pointed downward, terminating in a small notch. 

Lenticonus is a condition in which there is a protuberance on < either 
the anterior or posterior surface of the lens. This produces unequal 
lenticular refraction, which is highly myopic through the axis of the pro- 
tuberance, while other parts may be emmetropic or hypermetropic. 

When from any cause the lens has been destroyed, the condition is 
designated as aphakia. 


VITREOUS HUMOR. 

The vitreous humor (corjyus vitreum) is the only portion of the 
human body in which the embryonal mucous tissue is preserved, although in some- 
what altered form. The vitreous has a soft, gelatinous consistency, is entirely 
colorless and clear, and contains only a few branching cells and leucocytes, the 
latter situated particularly at the outer portion. The supporting tissue consists of 
a reticulum of long, delicate fibers, attached to the hyaloid menbrane (the envelope 
of the vitreous), which are very numerous at the ora serrata. In normal eyes 
which have been subjected to laboratory methods of hardening, they are fre- 
quently seen in great numbers floating out to form the so-called “horse’s tail.” 
They were formerly mistaken for inflammatory products constituting the condition 
known as ‘'fibrillary degeneration.’^ According to Creeff, the only 
alteration which these fibers undergo is solution. Their absotptipn liberates the 
vitreous, which then loses its viscidity. In the anterior portion of the vitreous 
there is a flat depression — the fossa patellaris — which receives the posterior surface 
of the lens. Through the center of the vitreous runs the hyaloid canal (canalis 
hyaloideus ) — ^the central canal which extends from the papilla of the optic nerve 
to the posterior pole of the lens. In embryonic life it is occupied by the hyaloid 
artery. The vitreous is surrounded by a homogeneous membrane^. -the hyaloid 
membrane — which is nonvascular^ and, therefore, dependent for its nourish- 
ment upon the surrounding tissues (retina, choroid, ciliary body). 

The vitreous plays a purely passive part in the pathology of the eye. 
The only changes which occur in its structure per se are degenerative. 
Inflanunatory material found in the vitreous is always derived from 
other parts. Leucocytic infiltration usually originates in the ciliary body. 
(See Cyclitis and Panophthalmitis.) Leucocytes from the choroid cannot 
pass into the vitreous unless the lamina wtrea of the choroid has ruptured 
or disappeared. Serous transudates, however, may enter either fre^ the 
retina or choroid. In the pla.stic forms of cyclitis (syphilis, sympath^c 
ophthalmia) exudates enter the vitreous and form dense membranes be- 


1 Vascular in the embryo. 
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hind the lens. The most frequent cause of detachment (so-called shrink- 
ing) of the vitreous is contraction of such inflammatory products. Other 
causes are neoplasms and subhyaloid hemorrhage. 

Opacities of the vitreous (opacitatcs corporis vitrei) are due to 
various causes. Most frequently they consist of round, partly pigmented 
and fatty granular cells and isolated stellate cells undergoing segmenta- 
tion. They usually lie in groups, less frequently uniformly distributed. 
Owing to the coincidence of these phenomena with inflammatory mani- 
festations in the uveal tract, the opacity caused by the presence of cells 
was formerly called h y a 1 i t i s , which is now an abandoned term, as 
the vitreous is indapable of inflammation. Iritis, choroiditis, or retinitis 
is always present. 

Mouches volantcs, myodcsopsia, arc entoptic perceptions — shadows 
—of small bodies in the vitreous, which are of no pathologic significance. 

In prolapse of the vitreous (prolapsus corporis vitrei) through a 
scleral wound, and in entrance of a foreign body, a purulent inflammation 
always develops, provided infectious germs enter the vitreous. Tf this is 
limited to a portion of the vitreous, abscess of the vitreous 
develops; if, however, it spreads over the whole vitreous, the purulent 
process involves also the adjacent parts and results in ])anophthal- 
mi ti s . 

Sometimes young connective tissue develops from exudates in the 
vitreous; at first delicate, spindle-shaped, and stellate cells appear, and 
later slightly striated intercellular substance is formed. When this new- 
formed connejtiv’t; tissue becomes older and contracts, the vitreous degen- 
erates and detachment of the retina from the choroid 
is thus produced. 

Detachment of the retina is observed also after prolapse of the vit- 
reous, when no infection occurs and the prolapse cicatrizes. 

Liquefaction of the vitreous: synchysis,i occurs in chronic ret- 
initis and choroiditis, in advanced age (as an involution phenomenon), in 
extreme myopia, and in chronic glaucoma ; the vitreous then forms a ropy 
fluid (Fuchs). 

Hemorrhage occupies a prominent place in the pathology of the 
vitreous. Blood in the vitreous may come from the retina, ciliary body, or 
choroid? Aside from trauma, it occurs in such diseases as lead to vascular 
degeneration or to altered states of the blood. A class of cases in which 
the etiology is obscure occurs in young adults.^ Extensive vitreous hem- 
orriiages appear, which frequently are repeated at regular intervals 
(recurring vitreous hemorrhages in the young). Some- 

* From ^ and to pour. 

* It t« often due to tuberculosis of the retina, ciliary body, or choroid. 
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times vitreous hemorrhages appear to be connected with menstrual dis- 
orders. Panas thinks that in the young the hemorrhage is of venous 
and in the old of arterial origin. Vitreous hemorrhages usually precede 
retinitis proliferans, .and the membranes found in this disease are sup- 
posed to be of hemic origin. Small hemorrhages may be absorbed with- 
out impairment of vision. Extensive hemorrhages may destroy the 
vitreous or lead to loss of the eye from glaucoma. 

Of the causes and nature of the opacities observed during Jife in 
syphilitic chorioretinitis and in glaucoma (vitreous dust, diffuse and dust- 
like opacity of the vitreous) nothing positive, histopathologicly, is known. 

Chemic changes also occur in the vitreous, as is shown by the 
formation of phosphates, fats, and cholesterin. When cholesterin crystals 
are present in large numbers they are visible with the ophthalmoscope. 
This condition is known as sync hy sis scintillans. In some cases this phe- 
nomenon is present in otherwise normal eyes with very acute vision, even 
when the fundus is ophthalmoscopicly completely hidden by the scintil- 
lating bodies. Several cases have been leported of microphthalmic eyes in 
which the vitreous cavity was filled with fat. This was regarded as a 
metaplasia of the vitreous into fatty tissue. Leber, however, probably 
is correct in his view that the fat came from llie orbit and entered the 
eye through an open fetal cleft — a condition common in microphthalmic 
globes. Small accumulations of fat arc not uncommonly found in the 
degenerating contents of phthisical eyes (Grecff ). 

Intraocular parasites are rare. The c y s t i c e r c u s is the most 
frequent, particularly in northern Germany. It is usually situated be- 
tween the retina and choroid, rarely in the vitreous itself. Opacity of 
the vitreous, retinitis, and choroiditis ‘always accompany the presence of 
this parasite. 

Membranes appear in the vitreous in connection with retinitis 
proliferans. Granulation tissue from the retina ^lay grow into 
the vitreous and be converted into cicatricial tissue. 

* Adventitious tissue formed in the vitreous from the inflammatory 
products of adjacent parts may calcify or undergo ossification. Such 
cases have been miscalled “ossification of the vitreous.'' As 
a rule, in eyes where this process occurs, the vitreous cavity has been 
obliterated by total detachment of the retina. 

UVEAL TRACT (TRACTUS UVEALIS). 

The iris,i ciliary body, and choroid^ form the uvealis, or uvea.^ Considered 
together, they represent a colored sphere possessing a certain reserpblance to a 

l Jpu := f ainbow, 

choroid = membrane around the viscera: korium)^ 

^uva *= grape. 
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Fig. 5li— Section (from the eye of a man aged 30) showing the rela- 
tions of the cornea, sclerotic, and iris, together with the ciliary muscle, and 
the cavernous spaces near the angle of the anterior chamber. (Magnified.) 
A, epithelium ; B, conjunctival mucous membrane ; C, sclerotic ; D, membrana 
suprachoroidea ; /i, opposite the ciliary muscle ; F, ciliary processes ; G, tape- 
turn nigrum and pars ciliaris retinae; H, cornea (substantia propria) ; iris; 
K, radiating ^nd meridional, and, L, circular or annular, bundles of the ciliary 
muscle; M, bundles passing to the sclerotic; N, ligamentum pectinatum iridis 
at the angle, 0, of the anterior chamber; P, line of attachment of the iris. 
1, anterior homogeneous lamina of the cornea (Bowman’s membrane) ; 2, 
posterior homogeneous lamina (Descemet’s membrane), covered with endo- 
thelial cells which are continued over the front of the iris; 3, cavernous spaces 
at the angle of the anterior chamber (spaces of Fontana) ; 4, canal of 
Schtemm, with endothelial lining, and with a vessel, 5, leading from it; 6, 
other vessels; 7, bundles of fibers of the sclerotic having a circular direction, 
cut across ; 8, larger ones in the substance of the sclerotic ; 9, fine bundles cut 
across, at limit of cornea; 10, point of origin of meridional bundles of ciliary 
muscle; 11, blood-vessels in sclerotic and conjunctiva, cut across; 12, section 
of one of the ciliary arteries. (After Waldcyer,) 
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grape. Anteriorly is a large, circular opening— the pupil— and posteriorly a smaller 
one at the point of entrance of the optic nerve. There is no sharply defined line 
of demarkation between the anatomic divisions of the uvea» They are so blended 
that a pathologic process starting in one may extend to all. 

The internal circulation of the eye is supplied by the ophthalfi^ic branch of 
the internal carotid. It is divided into two systems : the retinal and the uveal. 
The retinal is derived from the arteria centralis retince, which enters the eye 
through the optic nerve; its distribution is limited to the optic nerve and inner 
layers of the retina. The uveal system is supplied by the ciliary arteries, which 
nourish not only the entire uvea, but also the rod and cone layer of the* retina. 
With the exception of an almost capillary anastomosis around the head of the 
optic nerve, these two systems do not communicate within the eye. The ^ciliary 
arteries which supply the uvea consist of three groups: — , 

1. The short ciliary arteries, which average from eight to ten. They enter 
the globe around the optic nerve and arc distributed to the choroid. 

2. The long ciliary arteries, two in number, which pass obliquely through the 
sclera anterior to the short arteries, one on each side of the nerve. They pass 
forward in the horizontal meridian between the sclera and choroid, without branch- 
ing, to the posterior portion of the ciliary body, which they enter and supply. At 
the anterior margin of the ciliary body they bend abruptly and anastomose with 
each other, thereby forming an arterial ring near the root of the iris, known as the 
circulus arteriosus iridis major. From here radial branches enter the iris and 
anastomose around the pupil, forming a second arterial ring, known as the circulus 
arteriosus iridis minors 

3. The anterior ciliary arteries enter the eye from in front. They spring 
from the muscular arteries which supply the four recti muscles: one from 
the externus and two from each of the others. They pierce the sclerotic near the 
limbus and are distributed to the iris and ciliary body, principally through anas- 
tomoses with the great arterial circle of the iris. When passing through the 
sclera, the short ciliary arteries send branches toward the optic, nerve, which anas- 
tomose and form an arterial circle in the sclera around the hca6 of the nerve, 
called the circle of Zinn. From this circle branches communicate in the 
nerve with the central artery of the retina. Frequently, a branch from the circle 
enters the retina and is distributed (usually) between the nerve and macula. It 
may supply the macula and thus preserve vision in cases where the central artery 
of the retina is obstructed. Such arteries are called c i 1 i o r e t i n a 1 Occa- 
sionally a branch from the retinal vein passes from the nerve and enters the 
chortfid. These are called opticociliary veins. 

The venous system of the uvea is peculiar. The arteries of the choroid 
have no accompanying veins, but the venous blood is gathered into larger and larger 
choroidal veins, which converge and form (usually) four or five vortices, or whorls, 
which arc situated a little behind the equator. From each of these whorls a large 
vein — vena ror/irojo— passes obliquely backward through the sclera. The ^eins of 
the iris and ciliary processes pass backward, and also empty into the vorticose veins. 
Another system of veins from the outer portion of the ciliary muscle pass forward 
and empty, some into the canal of Schlemm and others — ^the anterior ciliary — into 
the conjunctival veins. It is the lattlr which appear upon the surface greatly, dis- 
tended in cases of glaucoma. The ophthalmic veins, corresponding to the ophthalmic 

I It is questionable whether these vessels come from Zinn's circle or are 
brandies of the central artery given off far back in the nerve. 
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artery, finally Collect the Venous blood from the eye and discharge it into the 
cavernous sinus. The ophthalmic veins have a very important anastomosis at the 
inner angle of the orbit with the angular (facial) vein. This communication 
relieves the circulation of the eye when the cavernous sinus is obstructed. 

The root of the iris is attached to the anterior face of the ciliary body near 
its middle, so that a portion of the ciliary body is within the confines of the anterior 
chamber. The space between the root of the iris and the ^^sclerocornea” is filled 
in with loose trabeculae of fibrous tissue continuous with Descemet’s membrane, 
known as the ligamentum pcctinatuni.^ The trabeculae are covered by endothelial 
cells similar to those which line Descemet’s membrane. The alveoli which exist in 
the pectinate ligament are called the spaces of Fontana. The tissue of the pectinate 
ligament is condensed in its outer portion and there forms the inner wall of a very 
important venous pUxus, which drains the aqueous humor from the anterior 
chamber, known as the sinus venosus sclera:, or canal of Schlemm. This 
peripheral region of the anterior chamber formed by the junction of iris, ciliary 
body, and sclera is called the sinus of the anterior chamber ; also the angle of 
•filtration. The preservation of its integrity is of vital consequence to the 
eye. The anterior chamber, therefore, is bounded in front by the cornea and sclera, 
and behind by the ciliary body, iris, and that portion of the lens corresponding to 
the pupil. Only the pupillary margin of the iris rests upon the lens; consequently, 
a ring-shaped space is formed between the lens, periphery of the iris and ciliary 
body, designated as the posterior chamber. 

The aqueous, produced by the ciliary processes, appears first in the posterior ’ 
chamber, passes throu|fh the pupil into the anterior chamber, ’.and, filtering through 
the meshes of the pectinate ligament, enters the canal of Schlemm.*-* Any obstruc- 
tion to this current subjects the eye to hydrostatic pressure — a condition known as 
glaucoma. (See p. 1047.) 

From the preceding description, it will be seen that the same vessels supply 
the iris and ciliary body. This explains why both are so frequently affected by 
the same inflammatory processes. The iris is a discoid membrane, WMth a nearly 
central perforation— the p u p i 1 — which acts as a mobile diaphragm to regulate 
the amount of light entering the eye. The stroma of the iris consists of blood- 
vessels (described above), which have a very thick adventitia and thin media. 
These are united by numerous, branching, stellate and spindle-shaped cells con- 
taining more or less brown pigment and a small amount of delicate fibrous tissue. 
Near the pupillary margin is an uristriped circular muscle; the sphincter iridis. 
It is attached by delicate processes to the posterior pigmented c.lls and is said by 
Szili to be developed from them. The anterior surface of the iris contains 
numerous depressions or crypts, situated nrincipally along the minor arterial circle 
and at the periphery. The endothelial cells which line the cornea are continued on 
to the iris and cover all its anterior surface, but do not enter the crypts. The 
posterior surface of the iris is covered by two layers of deeply pigmented 
epithelium: the pars iridicce retincp. This is the retinal part of the iris and repre- 
sents, embryologicly, the anterior limit or edge of the secondary optic cup. The 


1 Henderson (Trans. Ophtlu Soc., 19(18) considers the pectinate ligament as 
an nonscierosed portion of the sclera, and, consequently, the ciliary body 

takes no part in the formation of the anterior chamber. This view has met with 
opposition. 

^ On puncture of the anterior chamber, the aqueous humor, the intraocular 
hemg diminished, is replaced in a very short time. (See Glaucoma, p. 1047.) 
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posterior layer of pigmented epithelium consists of Urge, loosely attached, polyg- 
onal cells. The anterior layer consists of small spindle cells, considered to be a 
direct continuation of the pigment epithelium of the retina. Between this layer 
and the stroma is a delicate fibrous membrane : a continuation of Jhe posterior 
limiting membrane of the retina. This membrane has been regarded as 
the dilator of the pupil. It is a product of the anterior layer of pigmented epi- 
thelium, just as the lamina vitrea of the choroid is deposited by the pigmented 
epithelium of the retina. The same name — B ruch’s mem bran e — ^is applied 
to both. Peculiar muscle-fibers — dilators — arise from the anterior portion of the 
protoplasm of the epithelium and fuse with the membrane, while the nuclei of the 
fibers remain in the posterior pigmented portion of the cell. The pigment layers 
of the retina extend into the pupillary space, where they appear as a black ring. 
The iris is innervated from the ciliary branches of the lenticular ganglion and the 
long ciliary nerve from the fifth. The sphincter pupillee is supplied by the third 
nerve through the motor root of the lenticular ganglion, while the dilator pupillee is 
supplied by the sympathetic fibers of the ganglion. 

Wounds of the iris, as after iridectomy, unless exposed, are not 
followed by the formation of granulation and scar- tissue, but remain 
open. This fact is supposed to explain the value of iridectomy in some 
cases of glaucoma, inasmuch as the opened iris-tissue provides an avenue 
for the escape of aqueous. Incisions of the iris close to the root are 
followed by the formation of scar-tissue (Oatman).^ 

Inflammations of the iris are always exudative in character. In- 
flammation of the ciliary body usually, if not always, coexists. Infiltra- 
tion of the iris-tissue causes thickening, limitation of movement, and 
narrowing of the pupil. Our knowledge of the intimate changes occur- 
ring in iritis is due principally to the investigations qf von Michel. In 
addition to the vascular phenomena characterizing inflamrfiatory processes 
elsewhere, there is first an exudate of fibrin and cells upon the anterior 
surface beneath the epithelium. Increase in the amount of the exudate 
ruptures the epithelium, and fibrinous material appears in the anterior 
chamber, in the pupillary space, and infiltrates the spongy tissue of the 
iris. The exudate which now appears in the posterior cfiamber probably 
comes from the ciliary body. The process may be purulent in character 
(e.g., after trauma; presence of foreign body), and the amount of fibrin 
comparatively small. In the septic form hemorrhages are common. The 
accumulation of pus-cells at the bottom of the anterior chamber is called 
hypopyon. The cells of the pars iridicce retinae are macerated and 
cast off, many of them entering the iris stroma. If markedly fibrinous, 
the exudate adheres to the anterior surface of the iris and sometimes also 
to the anterior surface of the lens capsule. In the latter case a membrane, 
which closes the pupil, may organize (occlusio pupillee). When the ex- 
udate forms upon the posterior surface of the iris (in the posterior cham- 
ber), synechiae of the posterior surface of the iris with the anterior 
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surface of the lens capsule very easily develop. These are generally at 
first circumscribed, but when frequent recidives occur, as is very often 
the case, the^ may gradually result in complete, flat adhesion 
(total posterior synechia) or in adhesion of the pupillary 
margin only of the iris with the anterior surface of the 
lens (posterior annular synechia), which completely shuts 
off the anterior chamber from the posterior chamber. This state is called 
pupillary occlusion {seclusio pupillcc). Pupillary occlusion, by 
blocking the flow of aqueous, is followed by increase of intraoc- 
ular tension. In annular posterior synechia the pressure of aqueous 
bulges the iris forward against the cornea: iris hontbe. This leads to 
adhesions between the iris and cornea : anterior synechia. 

The term mydriasis is employed to designate abnormal dilation 
of the pupils, and niyosis^ aVmormal narrowing. These occur bilater- 
ally as well as unilaterally ; in the latter case there is difference in size 
of the pupillary opening: anisocoria.- The cause of the abnormal 
dilation and narrowing may be either spasm (active, spastic) or pa- 
ralysis (passive, paralytic). 

Active or spastic mydriasis depends upon irritative states of the 
nerve-centers (irritation of the sympathetic). The passive form 
is by far more frequent, and is caused by paralysis of the sphincter pupillae 
(paralysis of the corresponding oculomotorius fibers). It develops also 
as the result of small lacerations of the iris following contusions (irido- 
plegia traumatica ) ; through the local action of various poisons (atro- 
pine) ; after diphtheria, poisoning from ingestion of putrid meat, etc. 
Mydriasis in* glaucoma is ascribed to pressure on the nerves. In total 
blindness the pupil is dilated, because it is not stimulated to contract by 
perception of light in the eye. 

Active or spastic myosis is due to spasm of the sphincter iridis 
(oculomotoriqs irritation) and is produced by beginning meningitis and 
by certain poisons (eserine, pilocarpine, opium, nicotine, chloral). Pas- 
sive paralytic myosis ( sympathetic paralysis ) occurs after in- 
juries of the cervical sympathetic; in pressure of tumors (most frequently 
enlarged glands) upon the sympathetic, and, finally, it is an important 
accompanying symptom of various affections of the spinal cord, partic- 
ularly tof tabes dorsalis and progressive paresis. Myosis of spinal origin 
is frequently characterized by loss of light reaction, but synchronous re- 
action in accommodation and convergence ( Argyll-Robertson pupil). 

.The undue anwunt of light entering the eye in mydriasis leads to 
disturbance of vision from dazzling. The frequent accompanying paraly- 


1 a=sr to close. 

# d priv., To-o* = equal, and = girl, pupil. 
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SIS of accommodation causes objects to appear small: micropsia. In 
myosis, on the other hand, the spasm of accommodation causes objects 
to appear enlarged :niacropsia. 

In paralysis of the sympathetic the pupil is contracted 
(it is best seen in a subdued light) ; there is a slight ptosis due to paralysis 
of Muller’s palpebral muscle and a slight enophthalmos from paralysis 
of Muller's orbital muscle. (See p. 1085.) In the early stage the 
paralyzed side of the face is warmer and the blood-vessels fuller, but 
later it becomes paler and perspiration is abolished. In irritation of 
the sympathetic the paralyzed side is pale, perspiration is incr.eased, 
and the pupil dilated. There is slight elevation of the tipper lid and mod- 
erate exophthalmos. Most of these phenomena are produced also by 
instillation of cocaine. Under normal conditions the pupils are in con- 
stant, even though slight, motion. Sometimes this motion is abnormally 
increased and there is marked alternating contraction and dilation. This 
condition is known as h i p p u s . 

Iridodonesis,^ or tremulous iris, is due to insufficient support of 
the iris. The cause is usually diminution in size or dislocation (luxation) 
of the lens, the iris thus losing its support. 

Hyperemia of the iris may be caused by sever#^ inflammation of 
the cornea, sclera, conjunctiva, or portions of the uveal tract other than 
the iris. The pupil is contracted and reacts sluggishly to light. This 
loss of motility is due to rigidity and dilation of the blood-vessels, and also 
to irritable spasm of the ciliary muscle. These phenomena may subside, 
or, on the other hand, increase in severity and proceed to the stage of 
inflammatory exudation. Iritis is most frequently causM by 
some s}^$temic dyscrasia, rheumatism, Syphilis, gout, etc. Clinicly, it is 
nearly always associated with inflammation of other parts of the uvea, 
particularly the ciliary body. 

In subacute and acute iritis the endothelial layer is exten- 
sively separated from the iris by a finely fibrous exudate, the meshes of 
which contain large numbers of leucocytes. In the severe cases the ex- 
udate fills the stroma and, when the endothelium is destroyed, extends 
into the anterior and po.sterior chambers. It also blocks the pupillary 
space. The infiltrating cells consist of lymphocytes, polymorphonuclear 
leucocytes, and mast-cells. The exudate in the posterior chaiiiber is 
probably derived from the ciliary body, which participates in the inflam- 
matory process. Sometimes the posterior pigmented cells of the iris are 
separated by exudate or blood. Cystic spaces also may form between the 
two layers. The pigmented cells of the pars iridica lose much of their 

t shake, tremble. 
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pigment and are cast off. The exudate causes more or less extensive 
adhesions between the iris and lens. This is very firm, and, if broken, 
the pigmented .cells remain attached to the lens. 

Purulent iritis. Suppurative inflammation of -the iris may follow 
infected wounds of the eye or appear as a metastasis in septic and infec- 
tious diseases. When it results from direct infection, it usually exists 
as a feature of panophthalmitis. The pathologic findings vary according 
to the 9tage of the disease. They correspond in a general way with suppu- 
rative inflammation of other tissues. The anterior chamber is filled with 
pus. The blood-vessels contain bacterial and fibrinous thrombi. More 
or less tissue necrosis takes place. The metastatic form may resolve 
without breaking down of the external coats of the eye. If the patient 
survives, atrophy of the globe follows. 

The large, irregularly distributed blood-vessels sometimes observed 
upon the surface of the iris in old cases belong not to the iris, but to the 
inflammatory membrane which covers its surface. 

Chronic iritis. Many forms of iritis may assume a chronic course. 
Consequently, the greatest variety of morphologic changes are to be 
looked for, depending uix>n the character of the inflammation and asso- 
ciated disease in other parts of the eye. Under the name of chronic iritis 
Michel groups those cases in which acute attacks have left slight discolor- 
ation and synechiae. In certain cases where, to the eye, areas of the iris 
appeared thickened, iridectomy was performed and the amputated sec- 
tions examined microscopicly. Quite characteristic changes were found. 
In the thickenjd Areas were curious nodular formations. The lumina of 
the small vessels were nearly or completely closed by proliferative changes 
in the intima. The adventitia contained aggregations of epithelioid cells, 
which formed round or spindle-shaped nodules. Epithelioid cells were 
scattered also throughout the stroma. In cases associated with cyclitis 
there is frequemtly extensive proliferation of the endothelium. Hyaline 
degeneration occurs with the formation of homogeneous nodules upon 
the surface of the iris. A chronic form of iritis is associated wdth uveitis 
under the name of plastic iridochoroiditis; more correctly, 
uveitis. 

» Recurrent iritis is not infrequently followed by atrophy of 
the irts. According to F'uchs, atrophy of the iris may be due to the 
following causes: 1, Long-continued or frequently recurring inflamma- 
tion, 2, High intraocular pressure exerted upon the blood-vessels, par- 
ticularly those at the root of the iris. In inflammatory glaucoma atrophy 
Juay develop in a few days. 3. Iridodialysis, whereby vessels from the 
circulus urteriosus iridis major are lacerated. 4. Dragging; this occurs 
when both ciliary and pupillary borders of the iris are fixed and the two 



ia22 


THE EYE 


points slowly separated; most frequently observed When the iris becomes 
attached to a cornea which later becomes ectatic, or when from iritis 
in childhood the iris becomes attached to the lens capsulcc 5. Through 
extension of resorption, as, when swollen lens fragments rest upon the 
iris and are slowly absorbed, the portion of the iris on which they lie 
sometimes disappears. 6. In extreme old age the iris may be so atrophied 
that the red reflex from the fundus can be seen through it. Gaps in its 
tissue may also result. The following changes are found in afrophic 
irides, especially when resulting from long-continued inflammation; The 
surface of an atrophic iris may exhibit spots either white or black/ The 
black spots are pigmented cells of the posterior layer seen through holes 
in the iris produced by total absorption of both stroma-cells and stroma. 
Light-colored spots are produced by circumscribed disappearance of the 
stroma pigment. Von Muller, working in Fuch's clinic, observed several 
cases in which numerous white spots existed upon the iris surface {viti^ 
ligo iridis). All the patients had passed through variola, which, undoubt- 
edly, had produced a spotted atrophy of the stroma of the iris. 

Tlie thinnest portion of the iris is its root ; consequently, in advanced 
atrophy spontaneous iridodialysis may take place. 

In atrophy of the iris resulting from long-co!itinued inflamma- 
tion, the delicate stroma is replaced by fibrous connective tissue. The 
blood-vessels are extensively degenerated or completely obliterated. At 
a late stage the ciliary muscle undergoes hyaloid degeneration. Disappear- 
ance of the stroma pigment changes the color of the iris. The plastic 
exudate covering the anterior surface of the iris organize?, into a dense 
fibrous membrane, the contraction of which shortens the anterior layers 
of the iris, thereby dragging outward the posterior layers, so that the 
pupil appears surrounded by a black ring. This condition is called ec- 
tropion of the uveal pigment. 

The endothelium may proliferate and form Drusenf or the entire 
surface may be covered with a hyaloid membrane which appears as a 
continuation of Descemet’s membrane. Changes in the pars iridiem rctifUB 
vary. It usually persists as a black line when all other parts of the iris 
have disappeared. Its two layers may separate and form pseudocysts. 

Calcareous and bony degeneration of the iris arc not common: 
When bone is found it is usually an extension of bony degenera'tion of 
the choroid. One case of supposed primary bony degeneration of the iris 
has been reported by Parsons. 

Syphilis of the iris. Michel considers syphilitic iritis as an endar- 
teritis of the smaller vessels, the papules being secondary products of the 
obstructed circulation. It cannot at. present be differentiated microscop- 
icly from simple chronic iritis. Fuchs found the anterior layers of the 
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iris infiltrated with round cells; according to him, microscopic nodules 
are always present in syphilitic iritis, although none is visible to the 
naked eye. The nodules found were thickly infiltrated around the root 
of the iris; they were composed of round cells in a fine reticulum, and 
contained large numbers of wide capillaries. 

Gumma of the iris usually forms a circumscribed, yellowish-red 
tumor on the pupillary or ciliary border. It is usually attended by only 
slight iftflammatory reaction. The secondary manifestations of iris syphilis 
are inflammatory in character. In the tertiary stage there is a tendency to 
the formation of tumors. The microscopic findings in the few cases of 
gummata examined were not constant. The following conditions have 
been reported by different authors : vascular, round-celled deposit ; round- 
celled deposit with caseation and necrosis; cavity containing leueexytes 
‘surrounded by tissue composed of round cells, giant cells, and epithelioid 
cells; tumor consisting of a structureless, granular center with a few 
round cells possessing a marked tendency to fragmentation of nuclei, the 
whole surrounded by a capsule of spindle cells. 

Tuberculosis attacks the iris under three forms, namely, tubercu- 
lar iritis, miliary tuberculosis, and conglomerate or solitary tubercle. 

Diffuse tuberculous iritis is extremely rare. There is cellular 
infiltration and great thickening of the iris. Giant cells abound, but 
tubercle formation is rare. Tubercle bacilli are not easily demonstrated 
in this form of the disease, the diagnosis being more readily established by 
experimental inoculations. 

In miliary tuberculosis of the iris small nodules arc scattered over 
the surface. They arc most numerous over the circular arteries and in 
the low^er half of the iris. They are yellowish in color, and blood-vessels 
are frequently seen upon their surface. I'he tul)ercles may increase in 
size and number until they fuse and fill the anterior chamber and extend 
to the ciliary bc^ly and cornea. Phthisis buibi follows perforation. These 
cases usually die with general miliary tuberculosis. One form, the 
attenuated tubercle of Leber, which occurs in young adults, is character- 
ized by the appearance of a number of Small nodules near the pupillary 
margin, which subsequently disappear, leaving posterior syncchiae. In 
this connection it is well to remember that, months after the disappearance 
of tube?cles from the iris, the patient may develop other manifestations of 
tuberculosis, particularly meningitis. 

Conglomerate tubercle of the iris forms a distinct tumor, fre- 
quently surrounded by daughter deposits. The neoplasm is composed of 
aggregated tubercle systems. Extensive caseation exists, and tubercle ba- 
cilli are demonstrable more readily than in the other forms of tuberculous 
ititit* The direction of growth is outward, and perforation occurs before 
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the choroid is affected. Caseation and phthisis bulbi ensue soon after 
perfomtion. Conglomerate tubercle usually occurs in one eye only. In 
the other forms one or both eyes may be affected. « 

Tuberculous iritis i*s a disease of the young. De Schweinitz gives the average 
age as 12 years. It is a question whether tuberculosi.*'; of the iris occurs as a 
primary disease or is always secondary to tuberculosis of other parts. The sub- 
ject is complicated by the frequent mistakes made in diagnosticating tubercle. 
Greeff ' says : “It is extremely difficult to diagnosticate tubercle from an agatomic 
preparation alone."' Recent experiments in the diagnosis and treatment of plastic 
iridocyclitis with tuberculin indicate that many obscure cases of this disease are 
tuberculous in origin. ^ 

Leprosy of the iris is a chronic recurrent affection which terminates 
. in destruction of the eye. It occurs as a diffuse inflammatory infiltration 
of the tissues, closely resembling the rare form of general tubercular' 
iritis. It is usually preceded by leprosy of the ciliary body. Leprosy 
bacilli are found in large numbers. 

Nodular iritis. Many forms of iritis give rise to nodular accumu- 
lations of cells around the blood-vessels. They form not only in syphilis, 
leukemia, leprosy, and tuberculosis, but also in chronic iritis from any 
cause. The nodules are composed principally of lewicocytes, although 
epithelioid and giant cells are usually present. A special form of nodular 
iritis is produced by caterpillar hairs which have migrated from the con- 
junctiva into the iris. 

Cysts of the iris. Two kinds of epithelial formations occur in the 
iris: cysts with fluid or semifluid contents (extension pr implan- 
tation cysts), and solid epithelial tumors (pearl cysts). They 
are discussed together, inasmuch as the solid tumors may become cystic. 
The extension cysts invariably follow perforation of the cornea. The 
great majority of them are formed from epithelium which has extended 
to the iris by ingrowth along the track of a corneal wound/r It has, how- 
ever, been demonstrated that detached epithelium implanted in the iris 
may proliferate and form a cyst. In such manner pearl tumors form 
around an eyelash which has been carried into the anterior chamber by 
violence. The walls of an epithelial iris cyst are usually formed of atten- 
uated iris-tissue lined with superimposed layers of laminated epithelium. 
The cornea and lens may participate in forming the cyst walls. Some- 
times the ingrowing epithelium is not circumscribed by iris-tissue, but 
lines the entire anterior chamber. Such cases are called cysts of the 
anterior chamber. The cy.st contents vary, but usually consist of 
a turbid fluid, epithelial detritus, and products of epithelial degenerati^. 
If, as in von Graefe's case, the cyst contains sebaceous material and hair, 
it must be considered as haying developed from implanted tissue. Tha 
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pearl tumors which form around cilia develop from the epithelium 
of the root-sheath which remains attached to the hair. They are com- 
posed of laminated epithelial cells. Their contents may be hornified or 
softened and broken down. 

Retention cysts (agglutination cysts). Serous cysts not lined by 
epithelium occur in the iris. They may be congenital. Probably most 
cases result from superficial agglutination of the mouths of the iris crypts. 
Their etiology, however, is obscure. The following causes have been as- 
signed for their development : presence of a foreign body, indispensable 
to thek- formation (Sattler) ; fusion of the strands which cross the crypt 
openings (Schniidt-Rimpler) ; injury resulting in se})aration of the pec- 
tinate ligament of the iris and separation of the layers of the iris with 
transudation and hemorrhage into the iris (Everbusch); adliesions be- 
tween iris folds and retention of aqueous (de Weeker) ; injury followed 
by proliferations of endothelium (Greeff), Cysts may occur in connec- 
tion with colohoina of the iris or other malformations. Dermoids 
of the iris have been reported. They closely resemble the pearl tumors. 
C y s t i c e r c u s cysts occur very rarely. They arc accompanied by 
severe iritis. 

Cysts of the }^ars iridicce retinev. Small cystoid spaces, situated in 
the pigmented epithelium on the posterior surface of the iris, are fre- 
quently observed in eyes enucleated for various diseased conditions. 
Probably a combination of factors is necessary to produce a cyst in the 
pars iridicce rciincc. The shrinking of organized plastic exudates may 
separate the inyer'from the outer layer, particularly if the iris is sclerosed 
and rigid. Perhaps the support afforded the inner layer of cells by an 
adventitious inllammatory men^branc is essential to the formation of a 
large cyst. Treacher Collins regards obstruction to the lymphatic circula- 
tion as the principal cause. Obstruction is certainly promoted by ad- 
hesions of the iris periphery to the cornea. Another possible factor is 
vitiated aqueous humor. This is illustrated in severe cases of diabetes, in 
which iridectomy may be followed by swelling, softening, and exfoliation 
of the posterior pigment cells, and also by the formation of large cysts. 
This condition is attributed to the presence of sugar in the aqueous. The 
tumors under consideration are not true cysts, but accumulations of fluid 
beneath the retinal layer of the iris. Their analogy to detachment of the 
retina is very evident.' They sometimes appear in eyes not degenerated, 
and they have been mistaken for melanosarcoma and the eye enucleated. 

Kevu$ (melanoma). Dark-brown or black deposits are fre- 
quent on the anterior surface of the iris. Sometimes they form masses 
of sufficient size to be regarded as tumors. They occur, as a rule, on or 
near the pupillary border. Considerable confusion exists regarding the 
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origin of some of these melanotic growths. Probably they may arise from 
any of the pigment cells* found in the iris, of which there are three varie- 
ties, namely, the pigmented stroma cells and the two layers of the pars 
iridiccp retince. In the horse large masses of pigmented cells project from 
the uveal layer into the pupillary space. Similar formations are occasion- 
ally seen in man. Melanomata of the iris may be congenital. As a rule, 
they grow very slowly, although they may give rise to sarcoma. 

Vascular tumors of the iris have been reported as angiolmata. 
Doubt as to their genuineness has been expressed by writers, who have 
regarded some as simple granulomata which bled easily, and others as 
sarcomata. 

Carcinoma and glioma invade the iris by a process of extension 
from other parts. Cases reported as primary carcinoma of the iris arp 
susceptible of some other interpretation. 

Primary sarcoma is far less frequent in the iris than in other 
parts of the uveal tract. When present, it is usually pigmented, although 
so-called leucosarcoma is known to occur here. Greeff says that melano- 
sarcoma of the iris belongs to advanced life (over 40), while the cases of 
leucosarcoma occur in the young. As a rule, it develops in the anterior 
layers of the iris, although a case has been reported which was supposed 
to spring from the pars iridicce retime (Kirschbaumer). It may originate 
in a nceims pigmcntosns or from the walls of the blood-vessels (peri- 
thelioma). Iris sara)ma is nearly always of the spindle-celled variety. 
The round- and mixed- celled forms are very unusuaJ. Sarcoma of the 
iris appears as a small, brown, vascular tumor, which gr6ws very slowly 
with little accompanying iritis. After a time it grows more rapidly. It 
usually perforates the globe along the course of the anterior perforating 
ciliary vessels and appears externally in the anterior portion of the 
^lera. The site of perforation has some diagnostic impcyrtance, inasmuch 
as tubercle limited to the iris usually perforates at the limbus. Tuber- 
culoma of the ciliary body, however, perforates the sclera posterior to the 
limbus. 

Endothelioma occurs as a primary growth at the angle of the 
anterior chamber. 

Dermoid cysts, melanotic tumors, and lelangiectasiae hSve been 
observed. 

Coloboma iridis,^ fissure or cleft of the iris (i ridoschisis), i^ 
either congenital or caused by iridectomy. In congenital colobotna th< 
pupil has a pear-shaped form, the apex directed downward. Qeft of the 

1 iwXpiSm MS mutilated, maitned, crippled. 
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iris is often associated with unilateral or bilateral coloboma of the 
choroid. Coloboma of the iris is either typic or atypic. This 
defect is generally bilateral. When unilateral, the left eye is usually 
affected. In typic coloboma the fissure is downwa-rd or downward and 
somewhat inward. Atypic coloboma occupies some other section of the 
iris. The defect may be partial or extend to the ciliary border, and it is 
frequently associated with coloboma of the choroid or other arrest of 
development of the eye or face. 

Absence of the iris (i r i d e re m i a^) occurs congenitally and may be 
acquired by trauma^ the iris being torn out or extruded through a perforating 
wound. More or less of the iris may be lacking at birth : irideremia congenita 
(aniridia). Although no portion may be visible clinicly, some rudiments of 
an iris can always be found on anatomic examination. Aniridia is frequently 
•associated with other congenital defects, particularly of the lens. It may be present 
in one eye and coloboma of the iris in the other. 

Detachment of the iris from the ciliary body is sometimes caused by 
contusion, a cleft being visible between both : i r i d o d i a 1 y s i s 

Hemorrhages of the iris are usually caused by traumatism. The 
extravasated blood enters the anterior chamber, sinks to the floor (hy- 
phemia), and is, ‘as a rule, absorbed after a short time. 

Rarely, remnants of the membrana pufillaris persist from the fetal 
period throughout life as delicate, reticulated striie or plaques in the pupillary 
region : persistent pupillary membrane (membrana pupillaris per- 
severans). Usually a few threads attached to the anterior surface of the iris pass 
across the pupillary* space, occasionally uniting on the anterior surface of the lens. 
Unlike inflammatory synechia*, for which they may be mistaken, they do not 
interfere with the free movement of the iris. 

Corectopia is a term applied to eccentric displacement of the 
pupil. The pupil may occupy the extreme periphery of the iris. Both 
eyes are freque*ntly affected. It is an hereditary defect a id often appears 
in several members of a family. Polycoria is an uncommon anomaly. 
Several ajjertures ntay exist in the iris separated from each other by iris- 
tissue or strands of a persistent pupillary membrane. H ctrr achromia 
iridis, or difference in color in the two irides. is a common phenomenon. 
It may be a congenital anomaly or due to cyclitis. 

The ciliary body (corpus ciliaris) extends from the ora serrata to the 
anterior chamber. At the point of origin of the ciliary body the uveal pigment 
changes from brown to black. Meridional sections of the ciliary body are triangular 
in ^ape, the base being directed forward. It is divided into two portions: an 


t ^ absence, defect. 
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anterior, which bears the ciliary processes — corona ciliaris, and a posterior, smooth 
portion — the orbiculus ciliaris, or corpus planum. The ciliary body is composed 
chiefly of unstriped muscle— ciliary muscle,! and is richly supplied with 
blood-vessels and nerves. The ciliary muscle is divided into an* external longi- 
tudinal or meridionally 'directed portion : Briicke's muscle, and an internal 
circular portion : Muller’s muscle. The ciliary processes, about seventy in 
number, are situated internal to the muscle. They are the most vascular portion of 
the ciliary body, being composed of congeries of blood-vessels held together by 
connective tissue and branching pigmented stroma cells. The epithelial lipirig of 
the iris — the pais iridiccc retina: — is continued over the inner surface of the ciliary 
body, and the latter portion is known as the pars ciliaris retina. It consists of two 
layers of cells, the outer being deeply pigmented, while the inner consists of*non- 
pigmented columnar cells, differing in this respect from those which line the 
iris. Certain elastic lamina enter into the formation of the ciliary body, which 
originate as follows: When the lamina vitrea of the choroid reaches the posterior 
point of the ciliary body its two layers separate, one, the elastic membrane,, 
passing forward between the ciliary muscle and sclera, where it splits up to join the 
pectinate ligament in the angle of the anterior chamber; the second layer from the 
lamina vitrea of the choroid is a homogeneous, hyaline membrane which passes 
forward between the internal surface of the ciliary body and the pigmented epi- 
thelium, and is called the lamina vitrea of the ciliary body; a third hyaloid mem- 
brane is described as a continuation of the hyaloid membrane of the vitreous over 
the internal surface of the nonpignientcd epithelium. The zonula of Zinn, or 
suspensory ligament of the lens, arises from this layer. Th€ ciliary body partici- 
pates in the visual act by regulating the refractive power of the lens : act of 
accommodation. This is accomplished as follow’s : When the lens is frec«l 
from all attachments it assumes a spheric form, but when in situ with its anatomic 
relatious intact it becomes flattened. This flattening is produced by traction 
exerted upon its periphery by fibers of the suspensory ligament, which fixes the 
lens to the ciliary processes. Now, when the circular fibers of tlje ciliary muscle 
(Mitller’s muscle) contract, the ciliary processes approach the lens, the fibers of 
the suspensory ligament relax, and the lenS, by its own elasticity, becomes more 
spheroidal. On the other hand, contraction of the longitudinal fibers (Briicke’s 
muscle^) increases the space between the lens and ciliary processes, tightens the 
suspensory ligament, and thereby flattens the lens. This theory is supported by the 
fact that in hypermetropia, where vision is improved by increasing the sphericity 
of the lens, the circular fibers of the ciliary muscle are highly developed, while in 
myopia, where flattening of the lens is required, they are almost or entirely absent. 

As previou.sly stated (see p. 1021), iritis often accompanies cyclitis, 
iridocyclitis. 2 When the choroid also is involved there is uve- 
itis. Cyclitis may be primary or secondary. In the first case the disease 
develops in the ciliary body as the result of constitutional dyscrasia or 
injury ; in the second, the inflammation extends to the ciliary body from 

^Called by Brucke, its discoverer, tensor chorioidea. Subsequently, Miiller 
differentiated internal circular fibers, which portion has since been designated as 
Muller’s muscle. 

*The term iridochoroiditis, formerly employed to designate this condition, 
takes no cognizance of the cyclitis, which is the dominant inflammation. 
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adjacent parts, as in serpent ulcer (hypjopyon ulcer) of the cornea. The 
results of cyclitis vary according to the character and degree of the in- 
flammatory action. Resolution may occur, leaving no pennanent injury, 
or total loss o’f vision may ensue in one or both eyes. In the beginning of 
cyclitis the intraocular pressure is usually increased ; later it may be nor- 
mal or diminished. 

Acute cyclitis, or iridocyclitis exudativa, is the most frequent form 
of injammation occurring in the ciliary body. Unless the process is 
arrested at an early stage, it proceeds to suppuration or to cicatrization. 
The .disease manifests itself first in the ciliary processes, which are 
swollen and infiltrated with mono- and poly- morphonuclear leucocytes, 
the latter predominating. They furnish a purulent exudate rich in albu- 
min and fibrin. The exudate fills the posterior chamber and infiltrates 
• the suspensory ligament of the lens. It extends also into the anterior 
chamber, where, if it is purulent, it forms a hypopyon, but if very rich 
in fibrin it may coagulate into a rounded mass closely resembling a dis- 
located lens. The exudate surrounds the lens and invades the vitreous. 
A condition of endophthalmitis now exists in which the tissues may ne- 
crose and form abscess (i)anophthalmitis) or undergo cicatrization. 
When the latter ejisues the ciliary body, iris, lens, and retina are bound 
together by a mass of new-formed fibrous tissue called the cy clitic 
hull. The contraction that ensues drags the ciliary body and retina 
from their attachments, the vitreous shrinks, the globe softens, phthisis 
(atrophia) bulbi is establi.shed, and blindness results. During this process 
the pars ciliaris^rciimc ])roliferates actively and forms long, branching 
tubules in the cyclitic hull. The lens degenerates, but its capsule remains 
as a wrinkled membrane. Hyaline, calcareous, and bony degenerations 
of the ciliary body are frequently found in old cases. 

The classification of chronic cyclitis into serous and plastic indicates more 
the intensity or ftage of the inflammatory process than any fundamental difference 
in their pathologic histology. Chronic inflammation appears under two forms in 
the ciliary body, i.c., serous atid plastic. The first form is known as 
cyclitis, or iridocyclitis serosa (formerly called also serous iritis, descemetitis, 
keratitis punctata, aqua capsulitis). It is characterized by punctate deposits upon 
the posterior surface of the cornea. These deposits, the significance of which was 
long misunderstood, arc inflammatory products chiefly derived from the ciliary 
body. The deposits consist of conglomerations of leucocytes, many of which con- 
tain pigment from the uvea. This exudate, following the direction of the aqueous 
current, is deposited upon the lens, iris, and particularly the cornea. The centrif- 
ugal action produced by the motions of the eye also is an important factor in their 
distribution. As a result of gravitation, they tend to settle upon the lower portion 
of the cornea. They rest upon Descemet’s membrane, which remains for a time 
unaltered ; but if the deposits are large or remain long, the endothelium will be 
destroyed. After absorption of the leucocytes the inclosed pigment granules may 
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remain permanently upon the cornea or lens. Very large deposits have been 
termed lardaceous. Treacher Collins considers the disease to be a catarrh 
of the secretory apparatus of the ciliary body. The inflammatory action is great- 
est in the processes, the muscular body being but little affected. There are round- 
celled infiltration, particularly along the blood-vessels, and accumulations of similar 
cells between the ciliary muscle and pigmented layer of epithelium. The exudate 
passes through the epithelial layer with little injury to the cells. The histology of 
chronic plastic iritis in its early stages resembles that of serous iritis, except that 
the exudate contains a much greater quantity of fibrin. The subsequent course 
pursued by the disease is similar to that followed by exudative cyclitis. * 

Gumma of the ciliary body. Tertiary syphilis of the iris is not 
uncommon. Gummatous deposits in the ciliary body result in extensive 
destruction. In a case reported by Scherl, cheesy masses appeared in the 
anterior chamber and upon the lens. The deposit may be diffuse, but 
more frequently it is localized. Parsons has examined 3 cases, all pre- * 
senting similar features. lie says the inflammation vras intense. The 
ciliary processes were covered with leucocytes. At their tips the pig- 
mented epithelium was bleached. The ciliary body and choroid were de- 
tached from the sclera as far back as the equator. The space between 
the sclera and ciliary body was filled with a pigmented reticulum and an 
albuminous coagulum. The gumma had perforated the^ sclera and formed 
an external ulcer. As in the majority of other cases examined micro- 
scopicly, giant cells were absent. Baumgarten considers the presence of 
giant cells as an evidence of mixed syphilitic and tuberculous infection. 
In order to establish this diagnosis tubercle bacilli should be demonstrated. 

Tubercle of the ciliary body. Primary tuberculosis may attack 
the ciliary body, or the disease may an extension from tlie choroid or 
iris. Tuberculosis in this situation possesses a great tendency to soften 
and perforate the sclera. A conglomerate tubercle may supplant the en- 
tire thickness of the ciliary body and perforate the sclera without exciting 
the slightest irritation in the iris. After perforation, mixed^infection may 
produce increased inflammatory phenomena. Tuberculous iridocyclitis 
probably appears also in plastic form. 

Leprosy of the eye frequently appears first in the ciliary body, 
(See p. 1024.) 

Atrophy of the ciliary body is secondary to various intraocular 
diseases, particularly iridocyclitis and glaucoma. From the gradval de- 
struction of the secretory apparatus and consequent diminished amount 
of aqueous, the eye softens and phthisis bulbi may ensue. All degrees 
of ciliary atrophy are met in routine examinations of the eye. Ill light 
cases the body may be greatly flattened, while the ciliary processes are 
shrunken dr entirely absent. Proliferation of the epithelium is frequently 
marked, even when the ciliary processes are imbedded in inflammatoiy 
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exudates. These atrophic ciliary bodies possess a latent irritability that 
is easily aroused by slight injury. 

Tumors of the ciliary body. Under the stimulus of inflammatory 
irritation the pars ciliaris rctince frequently proliferates and forms long, 
branching, epithelial-lined tubules or masses of epithelium, which Par- 
sons describes under the name of hyperplastic epithelial tu- 
mors. Both the pigmented and nonpigmented epithelium proliferate. 
When these formations are imbedded in cicatricial tissue, a microscopic 
picturfi may be presented of vagrant epithelium and new-formed connect- 
ive tissue closely resembling adenoma or carcinoma. A few cases have 
been Veported as adenoma and adenocarcinoma by able observ- 
ers. Other observers of equal experience have doubled the accuracy of 
this diagnosis. All cases thus far reported as undoubtedly originating 
in the ciliary body have followed injury or were discovered accidentally 
during examination of eyes' removed for other conditions. If Treacher 
Collins’s theory holds, namely, that true glandular structure exists in the 
ciliary process, adenoma and carcinoma are to be expected in this situa- 
tion. This question, however, is still undecided. Adenocarcinoma does 
not usually occupy a subordinate pathologic position. If it occurs in the 
ciliary body, it should occasionally produce metastases and death of the 
patient. Greeff agrees with Kriickmann and Emanual that, with the ex- 
ception of glioma, it has not as yet been demonstrated that any neoplasm 
originates from the inner layer of the secondary optic vesicle. 

Sarcoma. Only about 9 per cent. (Fuchs) of the cases of uveal 
sarcoma are primary in the ciliary body. It is difficult to differentiate, 
clinicly or ar^toinicly, primary sarcoma of the ciliary body from a pe- 
ripherally situated sarcoma of the choroid. Sarcoma of the ciliary 
body rarely assumes the mu.shrooni shape so frequent in sarcoma of the 
choroid, but usually forms a rounded growth with a broad base. In 
rare cases it appears as a flat infiltration of the entire ciliary body 
(annular, ^r ring, sarcoma). The latter, as well as flat sar- 
coma of the choroid, are considered by many accurate observers to be 
not sarcomata, but endotheliomata. It early extends forward into the 
root of the iris, while, conversely, sarcoma of the iris spreads backward 
into the ciliary body. The principal direction of growth is inward into the 
posterior chamber. The lens is subluxated and distorted. Intraocular ten- 
sion is^more frequently normal or diminished in ciliary sarcoma than in sar- 
coma of the choroid (Devereux Marshall) . As a rule, sarcoma of the ciliary 
body i^ipigmented. A few cases of leucosarcoma have been observed in 
this* situation. They occur as spindle-celled, round-celled, and mixed- 
celled sarcomata.^ Cases have been rcix)rted as m y x o m a and as m y x - 

, * For caw of perithelioma of choroid and ciliary body, see p. 1041. 
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osar coma of the ciliary body. The present tendency of writers is to 
regard all such tumors as sarcomata. A few neoplasms of the ciliary 
body have been diagnosticated as endotheliomata, aside from the so-called 
‘'ring sarcomata^' already mentioned. 

Cysts form in the pars ciliaris retince by separation of the external 
from the internal layer, and also by separation of both layers from the 
underlying parts. They occur most frequently in the posterior portion 
as a senile change. A cyst of the pars iridiccv rctincc may continue back- 
ward upon the ciliary body. Such cysts usually are associated with atro- 
phy of the ciliary body, particularly cases attended by inflammatory ex- 
udation, Greeff describes a case of large cysts found in an atrophic eye 
enucleated seven years after an unfortunate operation for cataract. It 
is probable that the majority of such pseudocysls result from loosening 
of the epithelium and transudation from vascular stasis. An angioma of 
the ciliary body was found on microscopic examination of an eye by 
Oatman.i 

Glioma is known to have originated in the pars ciliaris rctincc. It 
attacks also the ciliary body as an extension from the retina. 

Senile degeneration of the ciliary body. In old age degenerative 
changes in the ciliary body are fairly constant. There is a general in- 
crease of the connective tissue. The walls of the bkA.>d-vessels thicken 
and degenerate. There is an increase in size and branching of the proc- 
esses, thereby advancing the filtration angle in the anterior chamber. This 
is a causative factor in glaucoma. The nonpigmented epithelium prolif- 
erates and may form cystoid spaces. Proliferation of the pigmented) 
epithelium is less frequent. The muscle-fibers shrink, leaving between 
the bundles, which may be empty or contain fluid, granular matter or 
fibrous connective tissue. 

Sympathetic ophthalmitis. Wounds of the ciliary body are most 
serious in their results. If the eye is not destroyed by the injury or by 
suppuration, a low grade of inflammatory iridocyclitis develops, fre- 
quently followed by a similar inflammation in the fellow-eye. As a rule, 
both eyes are destroyed. Almost 80 per cent, of all cases of sympathetic 
ophthalmia follow perforating injuries of the ciliary body. The reason 
for this phenomenon is as yet in doubt. (See p. 1038.) 

Fuchs calls attention to certain changes characteristic of sympathetic disease. 
The following description applies to the exciting (injured) eye: The uvea is 
crowded with mononuclear leucocytes (lymphocytes). In most cases the inner 
portion of this uniform infiltration contains nodular accumulations of l 4 |||;e epi- 


1 The tumor was formed by dilation of the branches of the long ciliary artery 
as it entered the ciliary body. No connection could be traced between an existing 
detached retina and the angioma. 
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thelioid cells, among which giant cells are usually found. These nodules closely 
resemble tubercle systems. Isolated nodules may be found in the iris, ciliary body, 
and outer layer of the choroid. In other cases the uvea may be so filled and 
thickened by the deposit as to nearly or completely fill the globe. Invasion and 
perforation of the sclera may occur, followed by an external growth. According 
to Fuchs, these nodules undoubtedly arc produced by the presence of some un- 
known, nonpyogenic micro-organism which causes chronic proliferation of tissue 
as does the tubercle bacillus.^ In a late stage of the disease the cellular prolifera- 
tions are replaced by dense connective tissue. This condition differs essentially 
from ordinary plastic or exudative form of cyclitis, which is marked by pre- 

ponderance of the polymorphonuclear leucocytes and by the appearance of the 
products of inflammation upon the surface of the uvea. In sympathetic dis- 
ease, on the contrary, few or no polymorphonuclear leucocytes are present and the 
inflammation is not exudative, but formative, and occurs within the uvea, 
from which it escapes by progress of growth. Many cases of sympathetic ophthal- 
mitis exhibit both forms of inflammation, but this is explained by considering that 
• most cases follow perforating injury, whereby a variety of niicro-organisms may 
be implanted, b'uchs was not the first to observe the presence of epithelioid pro- 
liferation in sympathetic disease. In 1895 llirschberg pointed out that the injured 
eye contained granula closely resembling tubercle, from which he concluded that 
the disease caused by a bacillus which excited tissue proliferation, not by a 
coccus or pyogenic organism. 

The theory of reflex nerve irritation has received support from the investiga- 
tions of Head and Campbell, who have shown that in herpes zoster all the 
phenomena of exudative inflammation upon the surface of the l)ody are dependent 
upon disturbance of ganglion cells in the central nervous system. Roemer, experi- 
menting with hemolysins, decides against the nerve-irritation theory. 

Choroid. —The choroid is the vascular tunic of the eye. It varies in thick- 
ness from 0.C18 mm. at the optic nerve to 0.05 mni. at the ora serrata. The blood- 
vessels are arranged in three layers according to their caliber. The external 
layer consist of the largest vessels, mostly veins. The stroma of this layer 
contains ciub^thelial and pigmented stellate cells. The latter alw'ays possess pro- 
longations. The middle layer is made up from the medium-sized \cssel 3 , 
and contains only a few pigmented cells. The inner layer (choriocapillaris) 
consists of closely arranged, very wude capillaries. This arrangement of the 
blood-vessels into layers is peculiar to the choroid. Under normal conditions pig- 
mented cells arc*never found in the cluuiocapillaris. 

Three membranous layers are connected with the choroid. The first, the 
suprachoroides, separates the choroid from the sclera. It consists of 
several delicate membranes lined with endothelial cells. Pigmented stroma-cells 
are irregularly distributed throughout. The in i d d 1 c , vascular layer is inclosed 
between two delicate membranes lined w'ith endothelial cells (Sattlcr’s membranes). 

The choroid is separated from the pigmented layer of the retina by a thiri 
memb*rane, called the lamina vltrca, or membrane of Bruch, which 
consists of two layers, the inner being a homogeneous product of the pigmented 
cells of the retina, while the outer is an clastic membrane developed in connection 
with theiihoroid. 

1 Pseudotubercular formations containing numerous giant cells are so common 
in chronic intraocular inflammatory conditions that further proof is necessary to 
establish this theory. 
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The iMithology of the uveal tract includes the pathology of the 
retinal ejpithelitim by which it is lined. This applies no less to the choroid 
than to the iris and ciliary body. The pigmented epithelium of the retina 
consists of a single layer of nucleated polygonal cells the protoplasm of 
which is crowded with pigment granules (rod-shaped crystals). These 
cells form a close mosaic on the inner surface of the lamina vitrea. 

The great vascularity of the choroid renders it very responsive to 
irritation. After comparatively slight disturbance, white blood-corpuscles 
migrate from the vessels and appear in the intercapillary spaces, which, 
under normal conditions, are entirely free from cells. The intensity of 
acute choroiditis varies according to the virulence of the infection. The 
most common cause is infected wounds of the eye, in which case the 
choroiditis forms a part of panophthalmitis. Infection occurs also from 
the presence of morbific elements in the blood (metastatic choroiditis). , 

Choroiditis. Inflammatory conditions of the choroid are broadly 
classed as suppurative and nonsuppurative. The suppurative form is an 
acute purulent process which terminates in panojihthalmitis, Non.suppu- 
rative, known also as subacute and exudative, choroiditis includes the 
varied forms of chronic choroiditis clinicly known as choroiditis dissem- 
inata, or diffusa, or areolaris, etc. 

The retina is always involved in subacute choroiditis; therefore, the 
disease is more accurately known as c h o r o i d i o r e t i n i t i s . Certain 
pathologic changes are common to all forms of subacute choroiditis, the 
lesions of which pass through the following stages: 1, exudation; 2, for- 
mation of granulation tissue; 3, cicatrization. In the exudative stage the 
fundus is covered with yellowish-red patches, the color being produced 
by the red choroidal reflex shining through a yellow exudate. In the cic- 
atricial stage the diseased areas are covered by white scars of the most 
varied forms, surrounded or covered by masses of pigment. The vitreous 
may or may not be invaded by the exudates. As a rule, it is transparent 
in the atrophic stage, unless the ciliary body has participated in the in- 
flammation and led to phthisis bulbi, etc. All or any portion of the 
choroid may be affected, although the most common site is the equatorial 
region. Unless there is associated cyclitis or iritis, the disease is not 
attended with pain. 

^ Choroiditis is attended with various subjective symptoms, Le^ pho- 
topsia which appear as glimmering flashes of light, stars, balls of fire, etc. 
If the disease is situated at the macula there may be metamorphopsia and 
objects appear distorted. Thus, if the rods and, cones are spreiS apart 
objects appear too small, or if they are crowAedl;, together the objects 
appear too large. Night blindness — hemeralopia— 4s frequently 
present. Finally, the affected areas become blind, and scotomata corre* 
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spending to the affected areas are demonstrable with the perimeter. 
These scotomata are characterized by great irregularity of outline. In 
equatorial choroiditis there is peripheral or ring scotoma; in central 
choroiditis, a central scotoma, etc. The loss of visual power depends upon 
the location of the lesion. Thus, a large peripheral scotoma may entirely 
escape the observation of the patient, while a central scotoma of small 
size may completely destroy useful vision. The visual disturbances pro- 
ceed fjom involvement of the retina. If the inner (nerve-fiber) layer of 
the retina is destroyed, atrophy of the optic nerve ensues. 

Suppurative choroiditis usually follows infection of the retina, 
although in cases »f panophthalmitis inflammatory changes in the choroid 
appear very early at the ora serrata and around the optic nerve. Other 
routes of invasion are from Tenon’s capsule along the sheaths of the 
•perforating vessels, and from the ciliary body along the suprachoroidal 
spaces. Bacterial emboli naturally lodge in the smaller vessels. Conse- 
quently, metastatic infection of the choroid usually appears first in the 
inner (capillary) layer. Schirmer found, however, that in sympathetic 
ophthalmia the choroid was infiltrated principally in its outer layers. 
Greeff points out that inflammatory foci not infrequently appear in the 
middle vascular laj^er, where masses of leucocytes accumulate, apparently 
unable to pass Sattler’s endothelial membrane. In some cases of suppu- 
rative choroiditis the leucocytes may infiltrate the choroid throughout. 
In others they collect in masses or completely ensheath the blood-vessels. 
The leucocytes infiltrate the walls of the vessels. Thrombi are frequently 
observed. When hemorrhages occur they are due to necrosis. An abun- 
dant albuminous exudate is poured out, which, in prepared sections, shows 
a finely fibrous structure. As the lamina vitrea is very resistant, the 
exudate accumulates in the suprachoroidal spaces, producing detaihment 
of the choroid from the sclera. Some of the exudate percolates through 
the lamina, asjndicated by localized detachment of the retina. The lam- 
ina finally ruptures, and the exudate appears upon its inner surface. The 
retinal epithelium desquamates, and the cells lose their pigment. As the 
disease advances, the entire choroid is converted into a layer of granula- 
tion tissue in which only the large vessels of the outer layer remain. The 
granulation tissue may undergo necrosis or organize into fibrous connect- 
ive tissue (scar). 

Septic metastatic choroiditis is infrequent. It occurs in the course 
of septic conditions, particularly puerperal fever. The infecting organ- 
ism^ kTOwn to be causative are streptococci, staphylococci, and pneumo- 
cocci. The micro-organisms are not readily demonstrated in hardened 
specimens. Metastatic choroiditis occurring in puerperal fever usually 
precedes a fatal termination of the disease. If life is sufficiently pro- 
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longed, perforation of the globe usually takes" place. Termination in 
phthisis bulbi is iwre frequent in surgic than in puerperal septicemia. 
Although metastatic ophthalmitis is usually classed as choroiditis, there 
is little evidence to show that the choroid is first or even'miost. severely 
involved. In the majority of cases it is probable that the disease occurs 
either in the retina or ciliary body before it reaches the choroid. 

A form of metastatic ophthalmitis not infrequently attacks 
children suffering from acute infectious diseases, particularly pienin- 
gitis. As a rule, all parts of the uvea develop a low grade of plastic in- 
flammation. Early in the course of the affection the retina is tptally 
detached and covered with exudate. This mass forms •a yellowish tumor 
in the vitreous, which, from its resemblance to a malignant growth, is 
called pseudoglioma. Parsons considers this form to be an exuda- 
tive process which never goes on to suppuration. Oatman, however,* 
saw a psendoglioma break down and produce increased tension several 
weeks after recovery from meningitis. Treacher Collins believes that 
it is primarily a retinitis, which is not improbable. Involvement of the 
ciliary body leads to atrophy of the bulb. The affected parts undergo the 
degenerations characteristic of chronic exudative disease. 

In subacute and chronic choroiditis the cellular^ infiltrate consists 
almost entirely of mononticleated cells, f.c., lymphocytes. This is the 
most characteristic and distinguishing feature of the disease. In most 
cases the cells tend to accumulate in the inner layer of the choroid, and, 
if Bruch’s membrane is perforated, invade the retina. Between the cho- 
roid and retina the exudate forms dense deposits, which .are subsequently 
transformed into scar-tissue, firmly uniting the two membraVies. In later 
stages of the disease the outer layers are infiltrated. As a rule, localized 
foci of disease are distributed throughout the choroid. A diffuse infil- 
tration is less common. In one form, known as nodular choroidi- 
tis, the lymphocytes are aggregated in masses around the^ vessels of the 
middle layer. Emigration of both the choroidal and retinal pigmented 
cells and pigment is a feature of chronic choroiditis. The stroma-cells 
of the choroid move inward and are found in the inner layer. They 
collect in masses around the areas of infiltration. They suffer degener- 
ative changes, the extent of -which depends upon the character of the 
inflammation, being most pronounced in tuberculosis and syphilis. As 
the outer layers of the retina depend upon the choroid for nutrition, a 
choroiditis is naturally followed by retinal inanition. Berlin found that 
section of the optic nerve in animals was followed by degeneration^ and 
pigmentation of the retina. He observed that as the pigment accumu- 
lated in the retina the epithelial cells were discolored. This phenomenon 
was explained by Wagenmann, who pointed out that in performing section 
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of the optic nerve not only the central artery of the retina, but also the 
short ciliary arteries, were cut, thereby interrupting the choroidal circula- 
tion and whoUy depriving the retina of nourishment. 

In subacute and chronic choroiditis the pigmented cells of the retina 
swell and exfoliate. They also discharge their pigment, which is taken 
up by the leucocytes. The cells appear in the inner layers of the retina, 
particularly around the vessels. If the lamina vitrea is perforated, they 
appear also in the choroid. Kriickmann found that invasion of the retina 
by the exfoliated pigmented cells depended upon the condition of the ex- 
ternal limiting membrane, the cells passing freely inward when this was 
broken. The pigfnent is deposited around and in the walls of the blood- 
vessels. The free pigment may be swept along by the lymph-stream or 
be taken up and carried by leucocytes. 

After choroiditis, regeneration is affected by the common method of gran- 
ulation-tissue formation and its development into fibrous connective (cicatricial) 
tissue. The amount of granulation tissue varies. It may grow exuberantly and 
invade the suprachoroidal space, retina, or vitreous (choroiditis hypcrplastica)* 
The pigmented epithelium of the retina proliferates actively, filling every inequality 
in the surface of the granulating mass in the same manncT that corneal epithelium 
covers a wound or an ulcer. The amount of permanent injury inflicted upon the 
choroid depends upQn the extent of the choroiditis, and also upon the presence of 
associated inflammation of other parts. Many cases of subacute and chronic 
choroiditis arc complicated with concurrent inflammation of the ciliary body and 
iris. In such cases there may be total detachment of the retina and the final result 
atrophy of the globe. In simple or localized choroiditis the retina is but slightly 
elevated by effusion, and the formation of cicatricial tissue firmly unites the 
retina to the choroid, and both membranes undergo extreme atrophy. These 
changes are general or local, depending upon the extent of choroid originally in- 
volved. The exudates or hemorrhages that may accumulate in the suprachoroidal 
spaces frequently organize and form an adventitious membrane outside the choroid. 
When such inflammatory deposits arc thick, they may be mistaken for fibromata. 
The suprachoroidal space may be filled with inflammatory exudates or serum 
derived from inflamed ciliary body. By this route infection may be carried to 
the choroid. According to Fuchs, suprachoroidal membranes do not ossify in cal- 
careous and bony degeneration of the choroid. 

That form of exudative ophthallnitis resulting in so-called pseii- 
doglioma has already been considered. (See p. 1036.) Chronic inflamma- 
tion of the choroid most frequently occurs in the form of numerous, 
isolated foci of inflammation scattered throughout the fundus. This fonn 
of the’ disease is called choroiditis disseminata. In advanced cases the 
patches coalesce, forming large areas of disease. The histologic changes 
are, those described above. In late stages of the disease the retina and 
choroid arc represented by a thin layer of fibrous tissue. The pigment 
accumulates in masses around the borders of diseased areas. Syphilis 
of the choroid, both acquired and constimtional, usually appears in 
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multiple focal form. It is doubtful if gummata with necrosis occur in 
the choroid. 

Sympathetic choroiditis (nodular choroidites). In dis- 
cussing sympathetic ophthalmia (see p. 1033), nodules were described 
as occurring in the ciliary body, iris, and choroid. In the early stages 
of sympathetic choroiditis nodular accumulations are superadded to the 
characteristic changes of chronic choroiditis. The nodules consist of 
endothelial cells and giant cells surrounded by lymphocytes. They de- 
velop in the outer vascular layer along the large vessels, particularly 
the arteries. In the other forms of choroiditis the cells appear in the 
inner layer. The nodules are differentiated from triib tubercles by the 
irregular arrangement of the cellular elements and by the absence of 
caseation and tubercle bacilli. In advanced cases these formations dis- 
appear, being replaced by the degenerative changes of chronic choroiditis, * 
Hirschberg and Fuchs consider the nodules of sympathetic disease to be 
the result of tissue change excited by the presence of a special micro- 
organism. 

As stated above, the destruction produced by acute and chronic in- 
flammations of the choroid are repaired by the formation of scar-tissue, 
which replaces the original choroid. The structure and appearance of 
this cicatricial tissue appear to be greatly modified by the inlraocular 
pressure. When this is diminished and the eye phthisical, the choroidal 
exudates form thick, irregular deposits. When, however, the intraocular 
tension is increased, as in glaucoma, or even remains normal, as in 
myopia, the choroid is converted into thin lamina or strands of connective 
tissue. 

Sarcoma of the choroid is the most frequent growth that appears 
in the uvea. The vast majority of cases appear between the ages of 40 
and 60 years. It occurs in the choroid as a primary neoplasm. Fuchs 
says that metastatic sarcoma of the choroid is unknown, Cases reported 
as such have not been established beyond doubt. The course of the 
disease is divided into four stages. In the first, or preglaucomatous, stage 
the eye is free from pain or inflammation. There is a defect in the visual 
field corresponding to the site of the growth. The overlying retina is 
detached and separated from the tumor by a thin layer of albuminous 
fluid. As the tumor increases in size, total detachment of the retina en- 
sues. The duration of this stage is usually from six months to one year. 
Occasionally it continues for years. The glaucomatous, or inflammatory, 
stage is characterized by the appearance of a progressive, pernicious 
glaucoma which soon becomes absolute. This stage is more brief than the 
first. In the third stage the sarcoma, breaks through the sclera. Extra- 
bulbar extension takes plaee first along the course of some of tihie blood- 
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vessels which perforate the sclera or along the optic nerve. Rarely 
perforation follows along the ciliary nerves. The opening in the sclera 
relieves the intraocular tension, and pain subsides. Removal of pressure 
also permits a more rapid growth of the tumor.. The fourth stage is 
that of metastasis and death. The liver is usually the first organ to 
receive a metastatic deposit. Sometimes a metastasis occurs before the 
growth perforates the sclera. Metastatic deposits do not necessarily 
resemble the primary growth, either as regards the character of the cells 
or the presence of pigment. In rare cases the second, or glaucomatous, 
stage is followed or superseded by a low grade of plastic iridocyclitis 
terminating in atrophy of the globe and apparent retrocession of the 
sarcoma. The existence of such cases has led to the belief that sarcoma 
is prone to develop in phthisical eyes. It is, however, difficult to deter- 
mine whether the sarcoma preceded or followed atrophy of the bulb. 
Parsons, 'who has investigated this subject, describes 6 cases which he 
considers as belonging to this class. The growths were of relatively low 
malignancy. In all of them the characteristic feature was extensive ne- 
crosis and hemorrhage. The intraocular blood-clot tended to obscure the 
presence of a neoplasm, which should always be sought for in intraocular 
hemorrhage. P5«irsons considers that all these eyes were in a condition 
that would have passed into phthisis buibi, and if they had not been 
enucleated would have formed examples of sarcomata developing in 
atrophied eyes. Schultz has reported a case of sarcoma terminating in 
phthisis biilbi. The pathologic findings were as described above. In the 
great majority ’of cases sarcoma of the choroid assumes the form of a 
rounded protuberance. In its early stages it is compressed between the 
sclera and lamina vifrea, s^> that, following the line of least resistance, it 
spreads laterally. The lamina vitrea soon ruptures, and then the sarcoma 
grows rapidly out into the soft vitreous, assuming the characteristic 
mushroom shape. A few cases have been reported ip which sarcoma of 
the choroid appeared in a disseminated form (multiple sarcoma). Such 
cases have been rejxyrted l)y Knapp ai]d Mitvalsky, It is, however, very 
unusual for local tnetastases or secondary grow’^ths to occur in an eye 
affected with uveal sarcoma, differing in this respect from glioma of the 
retina and metastatic carcinoma of the choroid. If a melanosarcoma 
txhl% in the uvea, pigmented cells are usually found in the anterior 
chamber entangled in the meshes of the ligamentum pcctinatum. Such 
cells are not tumor elements, but leucocytes which have taken up free 
pigment and been cafried forward by the aqueous current. These cells 
never establish secondary sarcomatous deposits. Flat or infiltrat- 
ing sarcomata of the choroid are very tare. Histologidy, they 
should hp classed as endotheliomata. The predominating type of cell 
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may be i^itidle shaped or round. Mixed forms of sarcomk, however, are 
very common. The cells vary greatly in size. 

True giant-celled sarcoma in the choroid has, not been sat- 
isfactorily established. About one-half of all cases are classed as spindle- 
celled sarcomata. The spintlle cells have a large, oval nucleus, and their 
extremities frequently bifurcate. The round cells are often irregular in 
shape and possess protoplasmic prolongations. The blood-vessels are 
usually numerous. They consist mostly of thin endothelial tubcB and 
channels imbedded in cells. As a rule, the round-celled sarcomata are 
more vascular than the spindle-celled type. The neoplasm may consist 
almost entirely of cells arranged in the form of thick-Valled tubes lined 
by a thin endothelial membrane and filled with blood. Such growths are 
called angiosarcomata. (See Fig. 75.) Round-celled sarcomata are 
considered to be more malignant than the spindle-celled. 

Alveolar sarcoma {sarcoma carcinomatodcs) occurs in the uvea as 
flat or diffuse sarcoma of the choroid and as ring-shaped 
sarcoma of the ciliary body. They are composed of cells many 
of which are large and polygonal (endothelial cells). They tend to 
assume an alveolar or plexiform arrangement. These growths probably 
arise from the endothelium of the choroidal lymph-spares and clefts and 
possibly from the perivascular lymph-channels. They are better classed 
as endotheliomata. 

A common classification of sarcoma of the choroid is according to 
its color into melanosarcoma and leucosarcoma. According to Fuchs, 
about 88 per cent, should be classed as pigmented. ITio^e classed as 
leucosarcoma always contain .some trace of pigment, which is found both 
in the protoplasm of the cells and as isolated intercellular masses. It is 
derived from two sources, namely, from proliferation of the chromato- 
phores and from the blood. Cases of choroidal sarcoma have been 
observed in which the pigmentation was not limited to thenumor. In a 
case reported by Treacher Collins, a .sarcoma was confined to the ciliary 
body, but the entire uvea and portions of the sclerotic were deeply 
pigmented. 

The majority of sarcomata of the choroid undoubtedly arise from the ex- 
ternal or middle layers of the choroid. Knapp has suggested that leucosarcoma 
arises from the choriocapillaris, which normally contains no pigment. Fuchs* states 
that all choroidal sarcomata, pigmented and unpigmented, arise from the outer 
layers. Ribbert has recently advanced the opinion that both the pigmented and 
unpigmented cells are derived from the chromatophores, and if the cells arc white 
it Is because they are young and incompletely formed. Sheik, more correctly, says 
that the choroid is no exception to the rule that sarcoma may develop wherever 
connective tissue normally exists and, therefore, may arise in the choriocapillaris 
as well as from the middle and outer layers. 
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A peculiar type of choroidal sarcoma, known as perithelioma, 
in contradistinction to the common angiosarcoma, has been found in the 
eye. The cells, compdSing the tumor are of columnar or oval epithelioid 
type, possessing abundant protoplasm and rounded, ofteri spindle-shaped 
nuclei. They grow in a radiate manner around the blood-channels in 



Fig. 518. — Perithelioma of choroid and ciliary body. Walls of blood-vessels 
formed of columnar cells radiately surrounding the lumen. 


immediate contact with the endothelial membrane. Thus, vessels cut in 
their long axis present a foliate appearance ; those cut transversely appear 
as cellplar rosettes bearing a superficial resemblance to those found in 
glioma of the retina. (See Fig. 518.) The name perithelioma is 
applied to these tumors on the suppo.sition that they develop from the 
perithelium of the blood-vessels. In 1870, C. J, Eberth d^onstrated in 

ee 
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the blood-vessels of the brain and cord a single layer of flat endothelioid 
cells situated between the adventitia and perivascular lymph-sheath. The 
term perithelioma is applied to growths which frbm their situation and 
type of cells presumably spring from this layer. Whether or not this is 
their true origin, the name perithelioma is of topographic value. 

Hemorrhages associated with necrosis are common in sarcoma of 
the choroid. The occurrence of hemorrhage may determine an attack of 
glaucoma, or, on the other hand, may lead to phthisis bulbi. «Of the 
degenerative changes observed in these growths, the most frequent is a 
hyaloid degeneration of the blood-vessels. Myxomatous changes 
are most frequent in the angiosarcoma and endothdiomata. Glycogen, 
fat, and calcareous salts have been demonstrated. 



iMg. 519. — Metastatic carcinoma of the choroid. Lower half of left eye. 
florizontal meridional section, somewhat below the axis. Actual size. (From 
an original drawing by E. L. Oatman, M.D.) 

Carcinoma of the choroid. This neoplasm is always secondary 
(metastatic). Oatman^ has tabulated 30 cases of probably genuine car- 
cinomata of the choroid, 26 of which were confirmeef by microscopic 
examination. The ages of the patients ranged from 30 to 58 years, the 
average being 44.37 years. Twenty of the primary growths were 
situated in the breast, 3 in the lungs, 2 in the liver, 1 in the stomach and 
liver, 1 in the thyroid, and 1 in a dermoid cyst of the suprarenal body 
Twenty-three of the cases were females and 7 males, which probably 
due not so much to influence of sex as to the greater frequency of car- 
cinoma of the breast in women. In one male the primary growth was in 
the breast. Twenty right eyes and 19 left eyes were attacked. Ten oi 
the 30 cases were bilateral, a fact for which no satisfactory explanation 
can be offered. In every case the deposit commenced in tlte posterior 

1 American Journal of the Medical Sciences, March, 1903. 

• f ' 
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Pig^. S2D. — The carcinomatous growth has reached the ora serrata. Its wedge-like periphery is advancing along the 
St prachoroidai space. Choroid is lifted and its lymph channels invaded. Retina totally detached; its pigment layer remains 
on surface of growth. Spherical colloid body beneath pigment X 100. (From original drawing by E. L, Oatman, M.D.) 
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portion of the choroid over the point of entrance and distribution of some 
one of the short ciliary arteries. In no case did invasion occur by way 
of the central artery of the retina. The exact location was described as 
on the temporal side of the nerve in 18 cases, above the nerve in 1 case, 
below the nerve in 1, and around the nerve in 2. In all stages of car- 



Fig. 521. — Papillary cystadenocarcinoma of the choroid. The stroma 
contains the blood-vessels and scattered pigment cells of the choroid. The 
large alveolus above is filled with disintegrating remains of tumor elements. 
X 500. (From an original drawing by /i. A, Oat man, M.D.) 


cinoma the cells exhibit a marked preference for the lymph channels as a 
route of emigration ; when the disease is far advanced, however, the blood- 
vessels also undoubtedly serve as channels. (See Fig. 519.) As there 
are no lymph currents that could convey the cells from an abdominal or 
thoracic carcinoma to the eye, it may be assumed that they are conveyed 
by the vascular system. The shape and method of growth of these 
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tumors are very characteristic. The almost universal type is flat, disk- 
shaped thickening of the choroid, highest in its center, which usually is in 
the macular region and sloping to a thin-edged periphery. (See F'ig. 520.) 
The tendency is to spread laterally, thus differing 'from sarcoma, which 
grows forward into the vitreous, forming a protuberant mass. Although 
the development of a choroidal carcinoma is much more rapid than sar- 
coma, yet, to judge from the rejM^rts, a small carcinomatous deposit pro- 
duced far more extensive retinal detachment than does a central sarcoma 
of equal size. The explanation for this may be found in the different 
histologic structure of the two growths, a sarcoma being a connective- 
tissue neoplasm, while the cells of a carcinoma of the choroid are always 
of the glandular epithelial type, possessing an abortive function, whose 
perverted secretion may assist in detaching the retina. 

Osteomata {choroiditis ossificans) are rare. They are always 
smooth b6ne .in the surface of the choroid, and follow long-continued 
inflammation. Isolated ] dates may form, or the entire choroid may be 
converted into a bony shell. The bone is deposited external to the lamina 
vitrca, unless the latter has been destroyed. The principal steps in the 
process appear to be as follows: As the result of chronic inflammation 
the inner layers Af the choroid atrophy and are replaced by a layer of 
fibrous connective tissue; in this membrane, ossification takes place by 
the intraniembranous methcxl of bone formation. Knapp states that bcme 
formation commences in the choriocapillaris, basing his opinion on the 
fact that the change occurs first in the inner layers, and the deposit is 
usually limited to the area covered by the capillary layer. 

Tubercles of the choroid are frequent. These are very seldom 
absent in acute general miliary tuberculosis, and they are often of great 
differential diagnostic value from a clinic standpoint. Tubercles appear 
under three forms, namely, as disseminated, or miliary, tuberculosis 
(which is most frequent), as chronic diffuse choroiditis, and as solitary, 
or conglomerate, tubercle. .According to Hock, the choroid is affected in 
82.7 per cent, of all cases of acute general miliary tuberculosis. It seldom 
occurs in chronic systemic tuberculosis. 

No portion of the choroid is exempt, but the tubercles are most 
frequently found around the disk. Their size varies from 0.4 mm. to 
2 mm!^ Larger formations probably result from confluence of two or 
more tubercles. They are usually situated in the outer layers of the 
choroid. Inasmuch as the sclera offers less resistance to the progress of 
tubercle than the larflina vitrea, the nodules tend to grow outward into 
the suprachoroid and sclera. It may not be possible to demonstrate the 
presence» of tubercle bacilli, or, on the other hand, they may be present 
in great numbers. 
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Diffuse tuberculous choroiditis and solitary tubercle develop as a 
chronic process. The diffuse form attacks large areas of the choroid, 
which is replaced by a thick layer of granulation tissue containing tubet- 
cles. The deposits may be confined beneath the lamina vitrea and finally 
undergo cicatrization, or the lamina may be perforated and the entire 
globe be filled with a tuberculous mass. The sclera offers but slight re- 
sistance to tuberculous' invasion. It is usually perforated at the sclero- 
corneal margin or along the course of the blood-vessels, Exceptio*hally, 
perforation takes place posteriorly. 

Solitary, or conglomerate, tubercle of the choroid^is rare. It forms 
a neoplasm which is difficult to differentiate from glioma of the retina, 
pseudoglioma and sarcoma of the choroid. Its characteristic features 
are small deposits surrounding the principal growth, early perforation of ^ 
the sclera, and associated tuberculosis of other parts, frequently the brain. 
In rare cases the progress of the tubercle is arrested and cicatrization 
takes place, or, if the process is far advanced, the globe may atrophy. 

Telangiectasia (angioma) of the choroid. Unniixed angioma 
of the choroid is rare. Individuals with extensive congenital telangiec- 
tases of the lids and conjunctiva frequently have also some malformation 
of the retina or choroid. This may consist of only a flight vascular en- 
largement, or, as in a case reported by J. Milles, constitute a nevus of 
the choroid. The unmixed angiomata of the choroid do not possess a 
capsule. They may be made up of capillaries or of large, irregular, endo- 
thelial-lined spaces. When these formations contain a large admixture 
of connective-tissue elements, they may be confounded we4:h angiosar- 
comata. 

Dermoids. One case of dermoid tumor of the choroid has been 
observed (Follin). The growth was situated between the retina and 
choroid. 

Leprosy of the choroid is always an extension of thrf' disease from 
the ciliary body. 

Plexiform neuroma. Treacher Collins has called attention to a 
condition of the choroid which presents the microscopic appearances of 
a plexiform neuroma. The eyes in which they were found were buph- 
tbalmic. 

Alterations in the lamina vitrea and Drusen. Hemispheric ex- 
crescences situated upon Descemet's membrane have already been de- 
scribed. Similar formations upon the lamina vitrea of the chofoid are 
very comn>on. They aire known as "'Drusen” of the choroid. 
They follbw chronic intraocular inflammation and are usually present 
in atrophied bulbs. They occur most^frequently as a senile change, being 
fairly constant after the age of 60. They are, however, not uncommon 
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after 30* The terms '^colloid degeneration of the choroid, choroiditis 
giitta, verrucosities of the choroid,” etc,, have been applied to these growths.' 
Under the micfoscope they appear as round, hyaloid drops, 0.5 mm. to 1 
man. in diameter, situated on the inner surface of the lamina vitrca, to 
which they are attached. The fusion of several Drusen may form a 
deposit of considerable size. It is probable that these formations are a 
cuticiilar product of the pigmented epithelium deposited in the same man- 
ner as#the lamina zntrea, although it is possible that Drusen-like masses 
may result also from degeneration and death of the epithelial cells. They 
may undergo calcareous or bony degeneration. Coincident with the 
formation of Dnis^n the entire lamina vitrca thickens and becomes rigid. 
By their growth, Drusen push aside some of the overlying pigmented 
epithelial cells, which are frequently seen crowded to one side. Some- 
times pigment molecules are enveloped by the Drusen. 

Glaucom^ The form of the eyeball is kept constant by the intra- 
ocular fluids — the aqueous and vitreous — which fill the globe under a 
pressure of from 20 to 30 mm. Ilg above that of the atmosphere. The 
maintenance of this condition, known as the intraocular tension 
{tonus bulbi), is largely dejjendent upon the aqueous humor.^ Inasmuch 
as the normal tension of the globe immediately depends upon the relation 
between the production of aqueous by the ciliary processes and its escape 
from the eye, it is evident that any obstruction to its outflow, either 
through Schlemm’s canal, Fontana’s spaces, or the pupillary area, will 
cause accumulation of fluid within the eye and increase in the intraocular 
pressure (hypertonia). When this takes place it constitutes the condi- 
tion known as glaucoma.^ Long-continued increase in intraocular 
pressure results in destruction of vision. Why an increase of pressure 
occurs and equilibrium is not restored is, in many cases, unknown. If 
increase of pressure occurs without antecedent eye disease, the condi- 
tion is called ^^rimary glaucoma; if, on the other hand, the increase 
of pressure is the result of certain eye diseases (trauma or exudative in- 
flammation), the glaucoma is called secondary. The former attacks 
both eyes; the latter, only the previously affected eye. 

Primary glaucoma (without antecedent eye disease) occurs either 

with inflammatory phenomena, as glaucoma infiammatorium, or without 
— ^ 

^ IJji® aqueous is produced by the ciliary proccvsses, little or nothing being con- 
tributed by the iris. The fluid enters first the posterior chamber, then passes 
through tne pupil into the anterior chamber. From the anterior chamber the 
aqueous passes into the general circulation by filtering through Fontana’s spaces 
in the pectinate ligamenf into Schlemm’s canal, which really is a plexus of 
veins encircling the cornea, situated in the anterior margin of the sclera. As the 
pectinate Uggment through which the aqueous escapes is situated in the sinus of 
the enle^nr chamber, this region is frequently called the angle of filtration. 

*a* (sparkling, colored lignt) green; in glaucoma the pupil appears 
gre^idi (hence called also green cataract). 
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inflammatory manifestations, as glaucoma simplex. Simple (noninflam- 
matory) glaucoma is by many observers regarded as a disease of the optic 
nerve. This view, however, is inconsistent with the occujrrence of peri- 
odic increased tension. Inflammatory glaucoma is more frequent in 
advanced age, occurring in single, interrupted attacks. 

The cause of primary glaucoma has not been definitely determined, no single 
theory being applicable to all cases.i Certain eyes are said to possess a predis- 
position to glaucoma. In such cases an attack is favored by any irritation of the 
surface of the cornea or by remote causes, such as violent emotions, pain, operation 
on the fellow-eye, etc. A common determining cause is the use of a mydriatic, which, 
by crowding the iris into the angle of filtration, mechanicly blo<;ks the drainage from 
the eye. A fruitful subject for investigation is the influence of blood-pressure 
(vascular tension) in the production of glaucoma. If the aqueous be regarded as 
a filtrate from the vessels, the normal intraocular pressure can never exceed the 
blood-pressure in the capillaries. Furthermore, should the intraocular pressure 
greatly exceed the pressure in the ophthalmic artery, the intraoculz^ circulation 
would be arrested. It is, therefore, evident that local capillary pressure must be 
increased in cases of high tension. Parsons says of the normal eye : *‘It is most 
likely that this is the highest capillary pressure of any organ of the human body 
when at rest.” It has been experimentally demonstrated that intraocular pressure 
is raised by anything which increases the local or general blood-pressure in either 
the arteries or veins. Vascular constrictions in distant parts also increase intra- 
ocular tension: Thus, stimulation of the abdominal vasocolistrictors drives the 
abdominal blood into the peripheral vessels and a rapid rise of eye tension follows. 
On the other hand, section of the cord in the cervic region cuts off the abdominal 
vasoconstrictors and dilation of the great abdominal vessels causes a decided fall 
in tension of the eye. Under normal conditions, these variations of pressure arc 
compensated by increased filtration from the eye, but in those suffering from vas- 
cular degenerations it is possible that the normal equilibrium between the arterial 
and venous systems of the eye is sufficiently disturbed to interfere with the proper 
circulation in the venous system of Schiemm, which drains the eye. Whatever 
influence these factors have in creating a predisposition to glaucoma is still unde- 
cided. A reasonable and generally applicable theory to explain the development of 
primary glaucoma has been presented by Priestley Smith. It is a matter of common 
observation that in typic cases of glaucoma the periphery of the iris is applied 
to the posterior surface of the cornea, thereby obstructing the angle of filtration, 
and in cases of long duration firm adhesions form between the iris and cornea. 
Priestley Smith accounts for the advancement of the iris as follows : Although the 
eye as a whole ceases to enlarge after adult life, the growth of the lens continues, 
so that at the age of 65 the lens is one- third larger that at 25. Consequently, in 
cou^^•e of time the lens becomes too large for the eyeball. The space reqqjred to 
accommodate the enlarged lens is taken from the anterior chamber. Thfi ciliary 
processes and the root of the iris are pushed forward, thus producing the shallow 
anterior chamber of old age. If, as in hypermetropia, the globe is below the normal 
size, the continued growth of the lens advances the periphery of the iris beyond 
the limit of safety. In such eyes slight swelling of the ciliary processes or dila- 

I Four conflicting theories (von Gracfe, Donders, Stellwag, Knies and Weber) 
v,i^re^;advanced, all of which are inadequate. 



UVEAL TRACT. 


1049 


tion of the pupil tray bring the iris in contact with the posterior surface of the 
cornea and block the angle of filtration. Measurements have demonstrated that 
the glaucomatous eye is usually below the average size. Other theories held to 
explain prima^ glaucoma are anterior iridocyclitis, causing peripheral adhesions 
between the iris and cornea ; varying osmotic pressure ; hardening of the sclerotic 
around the nerve, thereby diminishing the outflow of lymph ; compression and con- 
gestion of the vena vorticosa; choroiditis; obstruction of the intraocular lymphatic 
system, etc., all of which lack confirmation. Theorcticly, effusions into the 
vitreous, which increase its volume, should produce glaucoma by pushing forward 
the l!ns and iris. The vitreous, however, appears to accommodate its volume to 
the space at its disposal, and the mere presence of extraneous matter in its sub- 
stan«e does not produce glaucoma unless an effusion has occurred very rapidly, 
as in severe intra(5cular hemorrhage, or the composition of the aqueous is at the 
same time so changed as to render its filtration slow and difficult. It is worthy of 
mention that, if the pressure in the vitreous exceeds that in the anterior chamber 
by as much as 1 mm, Hg, the iris is forced against the cornea and the anterior 
chamber obliterated. Henderson says the causal factor of glaucoma is fibrosis of 
the trabecfilae and closure of the spaces in the pectinate ligament. At the same 
time the endothelial cells which line the spaces deposit a homogeneous membrane 
similar to Descemet’s membrane. The fibrosis is further increased by the drag 
of the ciliary muscle, which is greatest in hypermetropic eyes. He regards the 
iris as an absorbing surface and an important adjunct to Sclilemm’s canal in 
draining the anterior chamber, the benefit derived from iridectomy being due to 
opening fresh area% of drainage. 

Pathologists who examine many cases of glaucoma occasionally encounter 
those in which the angle of filtration is not blocked by approximation of the iris 
to the cornea. Von Hippie published such a case in which the trabeculse of the 
pectinate were thickened and the spaces filled with pigment. Baqiies, in a some- 
what similar case following hemorrhagic retinitis, found the spaces of filtration 
as far as Schlemm’s canal blocked by mono- and polymorpho- nuclear leucocytes 
and pigment. He concluded that the hemorrhages into the retina and consequent 
destruction of retinal tissue produced irritating chemic substances which acted 
upon the trabeculae of the pectinate ligament, causing tissue proliferation which 
closed the spaces. Oatman described 2 cases similar to those of von Hippie and 
Baques. 

High blo#d-prcssurc is unfavorable in glaucoma. Cases of this class include 
those in which glaucoma develops after obstruction of the central artery or central 
vein of the retina. Probably the process of vascular degeneration which produced 
these conditions also involves the efferent dianncls of the anterior chamber. Among 
the constitutional conditions which favor glaucoma, gout is most prominent Von 
Graefe first called attention to the influence of heredity in glaucoma and pointed 
out the curious fact that in hereditary glaucoma there is a marked tend- 
ency ^or the disease to anticipate, i.c., to appear in a descendant at an 
earlicr*age than in the ancestor. Thus, the prodromata which appeared in a grand- 
parent at 60 appear in a grandchild at 30 or 40. Hereditary glaucoma usually, but 
not invariably, is exceedingly chronic in its course. 

t * 

Secondary glaucoma is produced by a gre*at variety of conditions, 
such as dislocation of the lens into the pupillary area or the anterior 
dtamber; swelling of the lens in traumatic cataract or after needling; 
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the presence of large quantity of lens matter or ^treous in the anterior 
chamber; extensive anterior or posterior synechiae; prolapse of the iris; 
intraocular hemorrhages, either into the vitreous or the anterior chamber ; 
intraocular growths ; changes in the composition of the aqneous or the 
presence of inflammatory products, as in cyclitis; in fact, any mechanic 
obstruction to the aqueous current. 

In glaucoma the cornea is hazy from disarrangement of its parts. The pres- 
sure upon the corneal nerves and laceration due to elevation of the epithtUum 
produce loss of sensation and anesthesia of the cornea. There is more or less 
edema of the corneal epithelium, usually ascribed to percolation of fluid thrpugh 
the cornea. According to Oatman, it is probably due to interference with the 
circumcorneal circulation. The angle of filtration is usually obliterated by ad- 
hesion of the iris to the cornea. In the early stage the iris is pushed against the 
cornea by swelling of the ciliaiy processes. In old cases it becomes attached to 
the cornea. In the early stage there is inflammatory edema of the iris, and later 
it becomes highly atrophic. The lens advances in acute attacks, but recedes after a 
fall of tension. It finally becomes cataractous (glaucomatous cataract). 

In advanced cases of glaucoma the sclera yields at its weakest part, namely, 
the sclerocorneal junction and around the anterior ciliary vessels, where it has been 
weakened by chronic congestion and inflammation. If the bulging occurs over the 
ciliary body, it is called ciliary staphyloma. If it takes place immediately 
in front of the ciliary body, it is termed intercallary^ staphyloma. 
Equatorial staphyloma, which takes place around the vortex veins, is 
less common. Flattening of the cornea results from stretching of cornea and 
sclera at their junction. 

The changes in the uveal tract vary according to the stage of the disease. At 
first there is exudative inflammation, and in advanced cases degeneration and 
atrophy, in which the choroid becomes very thin. Glaucoma causes excavation of 
the nerve-head and diminution or destruction of vision. It is generSlly held that 
the excavation results from pushing outward. of the lamina cribrosa, which is the 
thinnest portion of the sclera, by the high intraocular tension, the Joss of vision 
being due to stretching and pressure atrophy of the nerve axons as they pass 
through the spaces in the lamina. This apparently simple explanation does not 
altogether conform either to the course of the disease or to pathologic findings. 
Although the scleral fibers are lea.st numerous at the lamina, this region is heavily 
reinforced by the nerve structure and is by no means the least resistant portion 
of the eye tunics, as demonstrated by artificially produced pressure from injections 
of fluid and by cases of secondary glaucoma, such as result from spontaneous dis- 
location of the lens into the anterior chamber.^ Atrophy of the nerve-tissue pre- 
cedes recession of the lamina. In all cases of early glaucoma microscopicly ex- 
amined by Oatman, pit-like areas, in which the nerve axons had disappeared, bnt the 
neuroglia remained, were found on the temporal margin of the disk. The* fairly 
uniform peripheral contraction and the sector-like defects of the visual fields point 

Oatman observed 2 cases of spontaneous dislocation of the lens into the 
antetiqr chamber in which tlte sclerae were enormously distended, but no excavation 
of the optic nerve existed. Such cases of artificially induced glaucoma, in which 
t^re is no trauma or disease, clearly demonstrate the influence of pure intraociskr 
upon excavation of the nerve. 
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to a vascular origin for tne retinal atrophy. Compression of the retinal vessels 
and degeneration of the choriocapillaris produce gradual atrophy of the retina, 
which begins peripherally on the temporal side and gradually advances until vision 
is abolished. Atrophy of the nerve axons exposes the lamina cribrosa, which 
gradually recedes until, in old cases, the excavation of the nerve-head becomes 
very deep and its borders undermined. This form of excavation differs from that 
produced by simple atrophy of the nerve. (See p. 1054.) Probably the excavation in 
glaucoma is brought about by the combined influence of nerve-axon atrophy, inflam- 
mation and subsequent contraction of the tissues in the nerve-stem, and intraocular 
pressure. The excavation sometimes contains a large amount of connective tissue 
of inflammatory origin. If this tissue is very vascular, it may present an ophthal- 
moscopic picture simulating papillitis. 

Buphthalmus is the glaucoma of infancy. In children the sclera 
is far more distensible than in adults and yields more uniformly under 
, the influence of increased intraocular pressure. The entire globe is, there- 
fore, enkrged, including the cornea (keratoglobus, q.v,). The 
anterior chamber is very deep. The inflammatory condition so common 
in other forms of glaucoma is absent in buphthalmus, although the ciliary 
body is said to exhibit some evidence of chronic inflammation. The iris 
is stretched and highly atrophic. The lens remains clear until the ad- 
vanced stages are reached, when it becomes cataractous from malnutri- 
tion. Stretching of the zonular fibers leads to their rupture, and more or 
less subluxation of the lens takes place. The lens failing to support the 
iris, the latter trembles when the eye is moved: iridodonesis. The 
retina and choroid are free from inflammatory changes, but undergo 
atrophy. The refraction is not always myopic, and the myopia, w'hen 
present, is n#t usually of high degree. This is explained by the backward 
displacement of the lens and flattening of the cornea. Buphthalmus is a 
family disease. It is probably due to congenital abnormality of tlie angle 
of filtration. The condition appears to be an arrest of development, 
whereby the iris remains, as in fetal life, in contact with the cornea at 
the angle. Tfiere is also undue persistence of the fetal pectinate ligament. 
This or some other abnormality of this region or of Schlemm’s canal 
has been found in the rare cases which! have been examined microscopicly. 
It Has been demonstrated that the rate of filtration from buphthalmic 
eyes is subnormal. 

RETINA AND OPTIC NERVE. 

From ks structure and function, the optic nerve may be considered as a por- 
tion^ of the brain. Between its point of exit from the foramen opticum and its 
entrance into the globe, the optic nerve is surrounded by a strong connective-tissue 
sheatb, which is an extension of the dura mater and is continuous with the external 
lamdUe df the sclera. The arachnoid and pia are continued along the optic nerve 
its passage through the lamina cribrosa. The periphery of the nerve is occupied 
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by a den$e neuroglia mantle devoid of nerve-fibers. This was formerly looked upon 
as a special form of degeneration, but is now regarded as normal. The nerve- 
fibers are medullated, but possess no neurilemma. The medullary sheath is lost at 
the entrance into the globe, in the region of the lamina cribrosa (tile inner lamella 
of the sclera). The noiimedullated portion of the nerve, which from the lamina 
cribrosa onward lies within the eye, forms the flat optic papilla (nerve-head) : 
papilla nervi optici. Corpora amylacea are a normal constituent of the nerve. The 
central vessels enter the lower and outer aspect of the nerve, usually about 10 or 12 
mm. behind the globe. , 

Inflammation of the optic nerve (neuritis optica) may involve the 
portion contained within the eye : intraocular neuritis, or the 
portion external to the globe: retrobulbar neuritis. The intra- 
ocular portion may suffer from edematous exudation or from acute in- 
flammation attended by cellular infiltration. Both conditions are man- ^ 
ifested clinicly by swelling of the head of the nerve, which is apt to be 
greater in the passive forms of congestion (choked disk’) than in 
exudative inflammations (papillitis). 

The passive form (choked disk) is produced by swelling of 
the tissues at the lamina cribrosa. The central vessels are constricted, 
causing transudation of serum among the nerve-fibers, tortuosity of the 
veins, shrinking of the arteries, and hemorrhages. •The condition is 
one of congestive edema. The inflammatory form (papillitis) differs 
but little ophthalmoscopicly from the passive. It is followed in the 
atrophic stage by the formation of cicatricial tissue, which obscures the 
lamina cribrosa and constricts the retinal vessels, producing the ophthal- 
moscopic picture known as postneuritic atrophy, differing ^om that of 
simple atrophy (tabetic); in which the lamina cribrosa is very distinct, 
the outlines of the disk sharply defined, and the vessels but slightly dimin- 
ished in size. The nerve-fibers exhibit considerable resistance to the 
pressure exerted in choked disk, as indicated by retention of good vision 
during the early stages. Vision is sometimes retained for af'year or two. 
After a time they degenerate, and vision is lost. Swelling and prolifera- 
tion of the neuroglia occur. Inflammation of the papilla extends more 
or less into the surrounding retina and backward along the nerve. Slight 
cases may be followed by recovery, but many go on to atrophy of the 
nerve. 

Optic neuritis due to systemic or intracranial disease is usually^ 1>ilat- 
eral. In brain tumor, when associated with other confirmatory symptoms, 
it is of the greatest diagnostic importance. When unilateral it does not 
always appear on the same side as the tumor. * 

Of the many causes of optic neuritis the most common is tumor of the 
brain. Other causes include a great variety of acute and chronic infec-* 
ttotis diseases: traumatic, tuberculous, and syphilitic meningitis; febrile 
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diseases, influenza, albuminuria, emphysema of the lungs, multiple sclero- 
sis, diabetes, malaVia, syphilis, leucocythemia, pyemia^^. acromegaly, lead 
poisoning, sunstroke, exposure, caisson disease, poisoning; diseases of the 
ethmoid, sphenoid, and frontal sinuses; periostitis and cellulitis of the 
orbit, intracranial hemorrhage, thrombosis of the cerebral sinuses, brain 
abscess, injuries, thrombosis of orbital veins, aneurism, etc. 

The mechanism^ of optic neuritis is a suljject of controversy. The 
follovfcing are the most prominent theories: increased intracranial pres- 
sure transmitted to the fluid surrounding, the nerve in the intravaginal 
space* (the most generally accepted view) ; extension of interstitial edema 
from the brain teethe optic nerve; inflammation excited in the nerve by 
the presence of irritating toxins in the intrasheath fluid. The disease 
occurs as a true bacterial metastasis in a certain number of cases. 



Fig. 522. — Atrophy of the right optic nerve of a man 46 years old who 
died in April, 1894, The right eye had been enucleated during the war of 
1870-71, because of a gunshot wound, a, optic tract; b, chiasm; r, normal 
left optic nerve; d, atrophic, gray, right optic nerve. 


In inflaitunaiion of the nerve-trunk all its .tissues are. more or less 
involved. When the primary or principal change is degeneration of the 
nerve-fibers, it is classed as parenchymatous neuritis; when proliferation 
of the sustentacular tissue predominates, the change is designated as 
interstitial ne^iritis. In the early stages of the parenchymatous form 
there is great swelling of the nerve-fibers, proliferation of the neuroglia, 
and enormous increase in the number of fat-cells. The interstitial form 
starts from the periphery (perineuritis) or from around the bkx>d-vessels. 
The early stages are characterized by dense, round-celled infiltration of 
the nerve-septa. This is followed by newdy formed blood-vessels and 
granulation tissue, which penetrate into the nerve. This granulation tis- 
sue is transformed into fibrous connective tissue, the subsequent contrac- 
tion of which destroys the nerve-fibers. These processes terminate in 
atrcjphy and shrinkage of the nerve. Postneuritic atrophy is called also 
secondary, while the noninflammatory form is d(?signated as primary. 

Axial (retrobulbar) neuritis is a term that is employed to designate 
a disease the clinic manifestation of which is loss of central vision. 
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It begins, either suddenly (acute) or insidiously (chronic) and is be- 
lieved to be an interstitial inflammation of the papillomacular bundle 
of nerve-fibers, which, after a time, disappears. Occasionally the disease 
progresses to the formation of cicatricial tissue and optic atrophy. It 
develops in nicotine poisoning, in the course of acute infectious diseases, 
in multiple sclerosis, and in lead poisoning. A common cause is inflam- 
mation in the accessory nasal sinuses. The prognosis is better in this 
than in other forms of optic neuritis. , 

Retrobulbar neuritis due to suppuration in a nasal sinus may be at- 
tended by some edema of the disk, which, in neglected cases, may be 
pronounced. As a rule, the disease is unilateral. In thtise cases the axial 
bundle of fibers in the nerve is affected, indicating that the disease results 
from the presence of a toxin and not from pressure upon the nerve by 
inflammatory products. 

The optic nerve is involved in a variety of diseases affecting the 
nervous system. In multiple sclerosis the optic nerve is affected 
in about 50 per cent, of the cases. Usually, but one side is attacked (uni- 
lateral in 75 per cent. — Fleischer). The lesions are irregularly distrib- 
uted. The axial bundle of fibers is frequently involved. The majority 
of cases exhibit a slight blurring of the disk, foll^vwed by atrophy. 
Partial recovery of vision is common. The atroj^hy frequently precedes 
other manifestations of the disease. The histologic change is disappear- 
ance of the myelin sheaths from around the nerve-fibers. The nerve-fibers 
may split up, but their continuity is not destroyed, and recovery of 
function is the rule. 

Locomotor ataxia is attended by atrophy of the optic nerve in 
from 10 to 20 per cent, of the cases (Parsons). Frequently it antedates 
all other tabetic symptoms. Atrophy of the nerve-fibers is secondary to 
degeneration of the ganglion cells of the retina. It is a pure degenera- 
tion; inflammatory processes, when present, are due to /complications. 
The nerve-fibers lose their myelin sheaths, become varicose, and break up. 
Late in the disease the optic nerve consists principally of proliferated 
neuroglia and fibrous connective tissue. Both eyes are affected, although 
one may be attacked before the other. Usually, if not invariably, the dis- 
ease terminates in blindness if life is prolonged. 

In combined atrophy of the lateral and posterior columns of 
tile spinal cord, all the symptoms of tabetic atrophy may be present. 

In syringomyelia both papillary edema and optic atrophy oc- 
cur. These conditions, however, are considered as secondary to distention 
of the ventricles in the brain or to coincident disease, such as tabes, etc. 

In acromegalia and in general paresis, optic neuritis and 
t^ic atrophy may ensue. 
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Optic atrophy occurs as a congenital condition, in which case it 
may be a collateral inheritance. 

In rare^instances myelitis is accompanied by optic neuritis. As 
a rule, both eyes are affected, usually one before the other. In nearly all 
cases the optic neuritis precedes the myelitis. The majority of cases exhibit 
some swelling of thel disk and tortuosity of the retinal veins. In other 
cases the ophthalmoscopic findings are negative. If retinal changes exist, 
they*do not relate to the neuritis. Some improvement in vision frequently 
follows the acute stage. Rarely vision may be completely restored ; usu- 
ally<» however, the cases go on to optic atrophy and blindness. Myelitis 
is an infectious {>rocess. In about one-third of the cases syphilitic history 
can be traced. Myelitis may occur in the course of most infectious dis- 
eases. The histologic changes in the optic nerve are the same as found 
in the spinal cord, and consist of an acute parenchymatous inflammation, 
sometimes hemorrhagic in type. The optic nerve usually is involved 
throughout its entire length and breadth. The late changes are those of 
atrophy. 

In dementia preccox there is usually a mild optic neuritis manifested 
by blurring of the disk and distention of the retinal veins (Tyson 
and Clark). TJie disproportion between veins and arteries is marked, 
the veins being three or four times the size of the arteries. Later in the 
disease optic atrophy ensues. 

As the sheaths of the nerve are prolongations of the brain mem- 
branes, the intervaginal spaces are in direct communication with the sub- 
dural and subarachnoidal spaces of the brain. As a result of this arrange- 
ment, heightened intracranial pressure is distributed to the vaginal fluid 
and frequently leads to an ampulliform distention of the optic 
ends of the sheaths. This distention may be purely mechanic (hydrops) 
or be attendetl by inflammatory phenomena (perineuritis). 

Perinevritis is divided into pachymeningitis and lepto- 
meningitis, in conformity with the nomenclature employed in inflam- 
mation of the brain membranes. The two forms are usually combined. 
Perineuritis seldom originates in thfe sheaths themselves, but develops as 
an extension from the orbital tissues or from the brain membranes. Peri- 
neuritis may be purulent or nonpurulent, acute or chronic, according to 
the •character of the original inflammation. The disease may depend 
t^ercle, syphilis, meningitis, cerebral tumors, injuries, orbital,4is- 
ease, etc. Cases of long duration or of severe type may terminate in 
optic atrophy from contraction of inflammatory exudates around the 
tierve. • 

Syphilis* All parts of the nerve are subject to gummatous infil- 
tration* although the intracranial portion, particularly the chiasm, is most 
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frequently affected. Papillitis may or may not result. Microscopic ex- 
amination shows interstitial cellular infiltration, development of granula- 
tion tissue, destruction of nerve-fibers, and formation of cicatricial tissue. 
Instead of organizing, the tissues may undergo necrosis. Tabetic atrophy 
frequently has its origin in an old syphilis. Here the phenomena of 
inflammation are lacking. 

In acute miliary tuberculosis the deposits are common upon the 
sheaths. The nerve also may be invatled by extension of tuberculous 
processes from the brain or choroid. 

Drusen may form upon the optic papilla. They are frequently 
associated with some inflammatory or degenerative prdeess. The fre- 
quent coexistence of retinitis pigmentosa has been noted. In many cases 
they are the only abnormalities present in the eye. It is suj^posed that 
such formations may be either cellular pro^lucts or inflammatory deposits. 
Drusen of inflammatory origin may exhibit a stratified struct iwe. The 
exact nature of the formations, however, has not been determined. They 
may undergo calcification. 

Tumors. — Strictly speaking, only such growths as develop within 
the dura should be considered primary tumors of the optic nerve. There 
is, however, a rare class of extradural growths which, develop around 
the nerve and evidently belong in the same category as those which de- 
velop within the dura. The intradural tumors mostly begin in early life 
or are congenital. Out of 85 cases collected by Byers, 52 appeared before 
the 25th year. They develop very slowly and are of low malignancy. 
They produce exophthalmc;s, which usually pushes the eyeball directly 
forward. Papillitis and atrophy of the nerve generally occur. The atro- 
phy may be postneuritic or simple. As a* rule, they extend from the en- 
trance of the central vessels backward, thus leaving 10 mm. to 12 mm. 
of the optic end of the nerve free. Greeff applies Cohnheim’s theory to 
the development of these tumors. He thinks that when the central ves- 
sels and their connective-tissue mantle enter the fetal cleft in the nerve 
a certain number of cells are carried along, which persist and ultimately 
proliferate and form tumors. 

The growths vary in size from a slight enlargement to the size of an 
egg. In a large proportion of cases they are connected with an intra- 
cranial extension. They are usually elastic or of soft consistency, ?ind 
frepiently contain large, cystic spaces. Histologicly, they belong to the 
coflnective-tissue group. The most characteristic nerve tumor is myx- 
oma or myxosarcoma.' The endothelial type of tumor also cott- 
stitutes a large proportion.^ When these growths contain a large number 
chalky concretions, they are called psammomata. Fibroma and 
fibrosarcoma arc very rare. According to Greeff, the so-called gliotfiata 
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of the optic nerve are connective-tissue growths developing from the septa 
of the nerve, the neuroglia taking no part in their formation. Proliferat- 
ing neuroglia should react to the selective glia stains, which these neo- 
plasms fail to do. The term ''neuroma'' also is a misnomer when applied 
to tumors in this situation, because the optic nerve is brain-tissue, which 
does not proliferate. 

Extradural growths exhibit a similarity in their clinic and histologic 
characters. They occur in early life, are of low malignancy, and dfevelop 
very slowly. The resulting proptosis is usually directed forward, although 
in 7 out of 18 cases collected by Parsons there was ^n added displace- 
ment in some other direction. The growth fills the orbit and incloses the 
eyeball and nerve. They are of hard, cartilaginous consistency. Beyers 
compares the histologic process to the fibromatosis that occurs in elephan-^ 
tiasis. Parsons selects from his collection 12 cases which undoubtedly 
are primary extradural tumors of the nerve. Nine of these are endo- 
theliomata. He considers the fibromatosis that exists as secondary to 
obstruction in the lymph-channels. Itxtensive myxomatous degeneration 
may be present, as in the intradural tumors. 

Three cases of metastatic carcinomatous deposits in 
the optic nerve have been reported. In none of thest was a metastasis 
conveyed by the arteria centralis retime. Metastatic carcinoma of the cho- 
roid may extend to the nerve. 

Metastatic sarcoma of the optic nerve is extremely rare. Schiess- 
Gemuseus and Roth saw a case of numerous metastases in which a sup- 
posed sarcomatous deposit appeared on the papilla witlv>ut involving 
the choroid. In a ca.se of Heine’s, arfiong other sarcomatous metastases, 
was a tumor of the papilla which invaded the retina. 

The pathology of the retina will be better understcK^d if prece^led 
by a general outline of its anatomy. 

The retina is interrupted in the fundus ocuH, at the point of entrance of the 
optic nerve: the papilla (situated somewhat internal to the posterior pole), 
and greatly thinned at the yellow spot: macula lutca, situated at about 
the posterior pole. The center of this yellow spot is slightly excavated, form- 
ing a flat depression : the fovea centralis. In this locality— the point of most dis- 
tinct vision — ^the retina is exceedingly thin, because the internal layers are absent, 
only the cone layer being present. Between the choroid and retina thq'c is a 
smgle layer of pigmented epithelium. , 

The retina extends from the optic nerve, of which it is in part an extension, 
to the pupillary margin of the iris. The pars ciliaris retime and the pars iridicte 
retime participate in the pathologic changes of the iris and ciliary body, to which 
they are attached. Their ‘morphology has been described when treating of those 
parts. The pars optica retime extends from the optic disk to the posterior extremity 
of the ciliary body, where it terminates ’in a serrated border, known as ,the ora 
serrata. Aside from the pigment layer, the retina is divided into two general parU: 
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the internal, or. cerebral, layer, and the e x t e r n a 1 , or n e u r o • 
epithelial, layer. These layers are subdivided as follows : — 


1. Pt^ment layer. 

2. Rod and cone layer, 

3. External limiting membrane, 

4. Outer nuclear layer, 

5. Fiber layer of Hetile, 


Neuroepithelial layer. 


6. Outer reticular layer, 

7. Inner nuclear layer, 

8. Inner reticular layer, 

9. Ganglion-cell layer, 

10. Nerve-fiber layer, 


Cerebral layer. 


^ In addition to the above, an internal limiting membrane is 
commonly described. These layers arc composed of nerve elements supported by 
a connective-tissue framework of cpiblastic origin. The principal portion of this 
framework is known as the radiating fibers of Muller. They extend from the 
inner layers of the retina through the layer of rods and cones. 

The pigment layer consists of a single layer of low cubic cells, mostly 
polygonal in form. In the posterior portion of the fundus these cells are of 
smaller size than those anterior to the equator. The pigment granules are small, 
rod-,shaped crystals. •In the dark these crystals lie in the posterior part of the 
cell around the nucleus, hut when subjected to the action of light they push forward 
and appear among the outer segments of the rods and cones. 

The rods and cones arc the external portion of the neuroepithelial 
cells. At the macula lutea only the cones arc present. In other portioiis of the 
retina the rods predominate. The rods and cones are separated from the inner 
parts of the retina by the membrana Umitans externa. The rods are divided 
into: 1, outer segment; 2, inner segmerft; 3, rod fiber, which extends through the 
externa! limiting membrane: 4, the rod nuclei (external nuclear layer), which lie 
immediately internal to the external limiting membrane ; 5, the end granules, which 
lie free, with no connections, in the outer part of the external reticular layer. 

The cones, also, consist of: 1, outer segment; 2, inner segment; 3, cone 
fil»er ; 4, cone niit'ki ; 5, cone foot, which proceeds from a small end fiber and lies 
free in the external reticular layc.r. 

The rods and cones shorten and contr|ict when exposed to light. They con- 
tain a peculiar substance, known, from its color, as visual purple. In the 
visual act this substance is concerned in converting vibrations of the luminous ether 
into nerve-stimuli. It is abundant when the eye is in the dark, but is bleached on 
exposure to light. 

Th^ outer nuclear layer consists principally of the nuclear portion 
of the rod and cone visual cells. The rod nuclei are transversely striated and 
smaller than 'those of the cones. Fibers from these cells, known as Henle’s 
f i b ejr s , pass inward. Che inner portion of the external nuclear layer exhibits 
radial striations. It is called Henle^s layer. This*laycr is most pronounced 
in the macular region. Iti the macular region some nuclei are frequently found 
outside ^of the external limiting membfane. They are believed to have been 
extruded from the nuclear layer. 
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The outer reticular layer conaisu of a nerv^taugle derived prin- 
cipally from the bipolar cells of the inner nuclear layer. 

The inner nuclear layer contains some large ganglion cells, but is 
composed principariy of small bipolar cells connected with the rods and cones. 
Other cells also are described in this layer. 

The inner reticular layer (neurospongia) consists of a dense 

Layer of 


9. Layer of rods and conSs, 

t 

8. Membrana llmftaiis externa. 


7. Outer nuclear ^yen 


Outer or choroid surface. 



t 



6. Outer molecular layer. 


5. In nuclear layer. 



■ i ' . 

f <V'” 




4. Inner molecular layer. 



' ‘i ^ 

3, Layer of nerve-cells, 

2. Layer of nerve-flbers, 
w 1. Membrana limltans interna. 


Inner surface 

Fig, 524. — Diagrammatic section of the human retina. (After M. Schultse.) 


network of nerve-fibers from the bipolar and other ganglion cells of thf retina 
supported by a framework of great delicacy. < 

The ganglion-cell layer {ganglion nervi opHci)^ except at the 
macula, is composed of a single row of large, multipolar ganglion cells, which 
send one or more branched processes outward into the retina and single, unbranebed 
axis-cylinder processes (axons) centralward, where they form the nerve-fiber layer 
and optic nerve. Irregularly shaped granules, known as Ntssl bodies, situated in 
the protoplasm of the nerve-ganglion cells, are readily demonstrated bp' ^>edal 
methods of staining. 
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The nerve-fiber ‘layer is formed by the nonmedullated axons of the 
ganglion cells, which proceed to the optic disk, where they pass through the lamina 
cribrasa and acquire a medullary sheath. Medullated nerve-fibers are not infre- 
quently found e^^tending for a short distance from the nerve into the retina. More 
rarely medullated nerve-fibers are observed in the retina# as isolated patches not 
connected with the medullated fibers of the nerve. The large neuroglia spider 
cells are found in the nerve-fiber and ganglion-cell layers and in no other parts of 
the retina. This is of importance in connection with the development of glioma 
retina, 

"rtie internal limiting membrane is not a true membrane, but is 
formed by an expansion of the inner ends of Miiller^s fibers. 

The retinal blood-vessels follow, in a general way, the radial 
course of the nerve-^xons. The larger vessels are confined to the nerve-fiber layer. 
The capillaries do not proceed beyond the outer reticular layer, being absent in the 
outer nuclear and rod and cone layer. 

, The only lymph-vessels found in the retina are the perivascular lymph- 
channels. 

Maciil'd liiiea and fovea centralis. The macula lutea varies greatly in size. It 
may be but little larger than the fovea. It is permeated by a diflFuse yellow pig- 
ment. In its center is a depression: the fox'ca centralis, Jn the macula region 
the following variations exist in the structure of the retina : — 

The ganglion-cell layer and inner nuclear layer are greatly increased in thick- 
ness from multiplication of their elements. No modification exists in the reticular 
layer. Of the visua> cells only the cones remain. They are somewhat smaller than 
in other parts of the retina. The fiber layer of Henle is here well marked and 
formed by the cone fibers only. A group of very delicate axons extends from the 
optic nerve to the adjacent macula. A coarser group of nerve-fibers passes across 
the macula, curves around the fovea, and unites beyond it. The retina gradually 
thins as it approaches the fovea centralis. The nerve-fiber layer, except a few 
fibers, is the jrst layer to disappear. The other layers gradually fuse and lose 
their identity. In the center of the dtipression but little remains except the layer 
of cones. The yellow stain is confined to the cerebral layers. Therefore, it is 
absent from the fovea. At the ora serrata the retinal layers undergo an analogous 
thinning and disappearance. The pigment layer persists throughout. 

The retina itself is completely transparent consequently, with one exception, 
which is always*a “congenital anomaly/’ every opacity recognizable during life may 
be regarded as a pathologic alteration. In this exception the nerve-fiber layer 
contains medullated nerve-fibers these are opaque and form whitish, glistening, 
asbestos^like wisps, which radiate from the upper or lower periphery of the papilla, 
in rare cases, however, occurring only at some distance from the papilla. 

Retinal disease limited to the outer, or rod and cone, layer originates 
in the^choroid, upon which its nutrition depends. The inner, or ganglion- 
cell and nerve-fiber, layers, however, are supplied by the retinal system 

^ After death the retina becomes gray-white, opaque, the visual purple, which 
impiHa a purple-red color to the retina during life, changing and disappearing 
under th^ influence of light. 

^.Medullated nerve-fibers occurring in the retina are spoken of as a “con- 
gentlaLanOinaly/* although, as a matter o^f fact, the medullated sheaths do not form 
arottfiCtlfe optic nerve-fibers until a month or two after birth. 
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of blood-vessels. The pathologic changes Which occur in the inner layers 
depend largely upon degeneration in the walls of its vessels (angiopathic 
retinitis). It also is subject to the action of bacterial and chemic agencies. 

Chronic retinitis. The chronic forms of retinal infiammation are 
characterized by proliferative and atrophic changes , which permanently 
destroy the delicate nerve elements. New-formed, delicate endothelial 
membranes lining the inner surface of the retina are not uncommonly ob- 
served in eyes which have been subjected to prolonged low-grade inflam- 
mation, The cells sometimes rest upon a hyaloid membrane of consider- 
able thickness. The source of these endothelial cells is obscure, but, as 
neither the internal limiting membrane nor the hyaloid' membrane of the 
vitreous is an endothelial membrane, Parsons is probably correct in as- 
signing their origin to the adventitia of the blood-vessels. 

Granulation tissue may form in and upon the retina. When it is* 
abundant between the retina and choroid, it springs from tlie choroid. 
If inflammatory processes are attended by early and abundant effusion of 
serum beneath the retina, retinal detachment prevents union to the cho- 
roid. Where the effusion is slight, the two membranes become firmly 
united. The granulation tissue organizes into fibrous tissue the subse- , 
quent contraction of which may cause extensive folding^ of the retina. As 
giant cells are frequent in retinal granulations, masses of folded retina 
and granulations may resemble tubercle (^7.7’.). Granulation tissue may 
grow out into the vitreous, where it subsequently organizes into bands 
and membranes of connective tissue. Where this occurs the condition is 
known as retinitis proliferans. There is some doubt regarding the pro- 
liferation of the neurogka in retinitis.. Exudates and granulation tissue 
may fill the spaces between Muller’s fibers normally occupied by the nerve 
elements. The new-formed connective tissue which results is not readily 
differentiated from Muller’s fibers. 

When the choroid, retina, and vitreous are united by pl^tstic exudates, 
contraction of the vitreous mass may lead to great elongation of Miiller’s 
fibers, whereby the thickness of the retina is greatly increased. At a 
later stage, however, shrinking of the intraretinal inflammatory products 
leads to thinning of the retina. Muller’s fibers more frequently undergo 
fatty degeneration and break down under the influence of edematous 
effusion, thereby forming cystoid spaces of varying size. This is common 
at the periphery (peripheral cystoid degeneration), 'Cystic 
areas in the retina are easily torn. Such rents permit a fluid vitreous to 
pass beneath the membrane and produce retinal detachment. * 

Degeneration of the retinal blood-vessels occurs both as a cause 
and as a result of chronic retinitis. In retinae which have degenerated 
the blood-vessels are extensively affected by the pathologic processes. 
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The lumina of both arteries ariti veins are frequently obliterated. Hyaloid 
and calcareous deposits exist in the vessel walls. The capillaries also 
undergo calcification. In general arteriosclerosis the retinal 
vessels share- in the process. The smaller vessels are affected with an 
endovasculitis characterized by nodular accumulations of round and en- 
dothelial cells and by an enormous increase of elastic-tissue fibers. The 
arteries are principally affected. The veins suffer to a less extent. The 
vision may not be affected with extensive vascular degeneration. On the 
other hand, closure may occur in an artery and produce the clinic 
picture of obstruction, or in a vein and cause the condition known as 
hemorrhagic retinitis. 

The pigmented epithelium suffers from inanition if, as is 
usual, the choroid participates in the degenerative changes. The cells 
» become loosened and, if the external limiting membrane is ruptured, wan- 
der into tjie inner layers of the retina. They become depigmented, and 
the pigment accumulates in irregular masses. The liberated pigment, 
which is widely distributed, is transported not only by the epithelial cells, 
but also by leucocytes and by the lymph-stream. Pigment discharged 
from the epithelium of the l>ars ciliaris rctince may lodge also in the 
retina. The form of the epithelial cells is modified by the inflammatory 
process. They swell and lose their hexagonal form or become spindle- 
shaped. They may also proliferate and form masses of irregularly shaped 
cells. They finally disappear from fatty and other ( ?) degenerative 
changes. 

The noijnic dull ate d axons of the ncrve-fibcr layer degenerate at an early 
stage of chronic retinitis. If the inflj^nunatory procass is not too prolonged, the 
nerve-fibers arc still recognizable, although greatly shrunken. As a rule, however, 
they are destroyed and their place filled by fibers of new- formed connective tissue. 

In albuminuric and other forms of chronic retinitis, peculiar cell-like bodies of 
inconstant size appear in the ganglion and nerve-fiber layer. They present a 
granular or homogeneous structure and contain refractile, nuclear-like spots. Their 
origin is obscure. They have been variously regarded as degenerated ganglion or 
neuroglia cells, so-callcd varicose nerve-fibers, degeneration of **an 
extremely fine myelin sheath, known to be^resent in some nerve-fibers’" (Parsons), 
and as clumps of degenerated leucocytes (Greeff). The latter view, probably, is 
correct. 

The cells of the ganglion-cell layer are very perishable and succumb early to 
the eSurse of inflammatory conditions. Degenerative change in these cells is re- 
garded also as the cause of loss of vision in toxic amblyopias, the degeneration 
first appearing as a change in the NissI bodies. Destruction of a ganglion cell is 
followed by atrophy oi its axon. Of the two nuclear layers the external is by far 
the most resistant to inflammatory processes. In edematous conditions the rods 
and cones quickly degenerate. The changes consist of swelling, loss of striation, 
and conversion into a granular detritus (identic with post-mortem degeneration). 
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In chronic proUferationa, however, the rods add cmies may persist when other 
retinal elements have nearly disappeared. 

Albuminuric retinitis, angiopathic retinitis (neuroretinitis albu- 
minurica). The ophthalmoscopic changes observed in retinitis aifccting 
the inner retinal layers were formerly supposed to ppssess peculiar fea- 
tures pathognomonic of the particular systemic diseases (albuminuric 
retinitis, retinitis diabetica, etc.). It is, however, now held that such 
pathologic changes depend upon degeneration in the walls of the retinal 
vessels, and that any condition which produces vascular changes may 
result in this form of retinitis, Wilbrand designates the disease retinitis 
angiopathica. Nevertheless, owing to the prevalence of* nephritis and its 
great tendency to affect the retina, this form of retinitis is rarely observed 
in connection with other diseases. The ophthalmoscopic changes are 
varied. They consist of opacity of the retina, retinal hemorrhages, vas- • 
cular changes, and papillitis. The most characteristic is the presence of 
white, shining deposits around the disk and macula (corona ciliaris). 
Around the macula they frequently assume the form of radiating lines, 
the well-known *^star figure. Retinitis may occur in any form of 
Bright's disease, but is most frequently associated with the small atrophic 
(conti acted) kidney, less frequently with the large v^hite kidney, and 
rarely with the amyloid kidney. It is not very common in albuminuria 
of pregnancy. When found in this connection it must be remembered 
that chronic nephritis may have or perhaps always antedated the preg- 
nancy. Except in pregnancy, the prognosis in albuminuric retinitis is 
always grave; 87 per cent, die within two years (Bull). The pathologic 
changes are those of chronic retinitis. (See p. 1062.) The vascular 
degenerations correspond with those found elsewhere. (See p. 1062.) 
Flat detachments of the retina are common. The choroid may be in- 
volved. Michel considers that degeneration of the choriocapil laris is the 
essential change in albuminuric retinitis. If this were truf, the retinal 
epithelium should exhibit greater disturbances. The white spots are due 
to exudates which may or may not have undergone fatty degeneration. 
The star shape of the macular figure is determined by the arrangement of 
the nerve-fibers in this locality. 

Senile degeneration. Certain degenerations bf the retina arc inci- 
dent to advanced age. They are manifested macroscopicly by loss of 
transparency. Probably in all cases the choroid participates in the 'proc- 
ess* as is indicated by effusions and adhesions between the two mem- 
branes. Vascular degenerations are pronounced and undoubtedly bea^j a 
causative relation to many of the changes. In the retina there is thick- 

tOatman observed a case of albuminuria with marked neuroretinitis b one 
ejre and complete obstruction of the central artery of the retina in the other. 
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ening of the neuroglia:. Thi% change is accentuated by atrophy of the 
nerve elements which ordinarily conceal the fibers of Muller. There is 
peripheral cystoid degeneration, and also peripheral degeneration, of the 
nerve elements and blending of the nuclear layers. The peripheral de- 
generation explain^ the senile contraction of the visual field. Fibrous 
connective tissue forms, especially around the disk, where it is deposited 
between the choroid and retina. The pigmented epithelium may lose its 
pignynt, thereby rendering the choroidal vessels unusually distinct to 
ophthalmoscopic view. The macula is frequently affected by senile de- 
geni^ration. In advanced cases both retina and choroid are highly atrophic. 

Two affections of the retina, namely, choroidoretinitis and 
retinitis pigmentosa (pigmentary degeneration), are characterized by the 
occurrence of irregular pigmentation. In choroidoretinitis, in addition 
to pigmented spots, pigmented, white cicatrices develop in the retina (see 
p. 1034) jiin pigmentary degeneration, on the other hand, these white scars 
are absent. ‘Cicatrices are to be differentiated from choroidal Drusen 
(colloid dots), which commonly occur in retinitis pigmentosa. 

Strictly speaking, the term choroidoretinitis is entitled to a wide application, 
inasmuch as in most cases of chronic retinitis and choroiditis both membranes are 
affected. In any cj^e degeneration of the choriocapillaris entails destruction of the 
outer layers of the retina. Choroidoretinitis is the term applied to those cases 
which resemble retinitis pigmentosa, but lack of clinic history of that disease. 
A diagnostic point of importance in favor of choroidoretinitis is evidence of in- 
flammation of the uveal tract, as indicated by floating bodies in the vitreous or 
existence of synechiae. The pathologic findings consist of atrophy of the retina 
and choroid. 

t 

• • 

Retinitis pigmentosa (pigmentary degeneration of the retina) is a 
very chronic, progressive disease, which always begins in childhood — 
perhaps also congenitally — ^and, as a rule, very gradually terminates in 
blindness, usually, however, not until late middle life. It is a chronic 
process with subsequent shrinkage and atrophy and pigmentation of 
the retina. The disease commences in the outer layers of the retina 
in the region of the vessels, i.e., that ix>rtion nourished by the choroid. 
The pigmentation commences at the periphery of the eye-ground 
(equator) and extench slowly over the entire retina, the pigment accu- 
mulating in the form of dark puncta and dendritic figures, which 
closeW resemble bone-corpuscles and Haversian canal systems. The pig- 
ment is not deposited until atrophy of the retina is far advanced and the 
ne^e elements have disappeared. The line of demarkation between the 
atrophied and unaffected retina is sharp. This affection begins in the 
anterior portion of the eye and spreads slowly backward, the macular 
being the last to be affected. It is always bilateral, often hered- 
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itary, not infrequently combined with othdr formative anothalies (hare- 
lip, deafness, etc.), and is most frequently observed in children of con- 
sanguineous parents. Adhesions form between the retina and dioroid 
and between the choroid and sclera. In areas where atrophy is com- 
plete, all the retinal layers are replaced by layers of fibrous connecti’^e 
tissue. The optic nerve gradually atrophies. The retinal blood-vessels 
become greatly attenuated or even obliterated. The walls of the smaller 
vessels are thickened and degenerated, and pigment is deposited iji the 
walls of all the vessels. The choroid is aflFected ; the most constant change 
is in the choriocapillaris- 

Atypic cases occur presenting all the clinic features except pigmentation. 
In other cases the pigmentation is not characteristic or the retina is covered with 
white dots (retinitis punctata albescens). The subjective symptoms are night 
blindness (hemeralopia) and gradual contraction of the field of vision. 
The disease is probably a choroido retinitis, as shown by early atrophy of 
the external layers of the retina which are nourished by the choroid. ln<*typic cases 
both the retinal vessels and the choriocapillaris undergo extreme degeneration. It 
is probable that in those cases unattended by pigmentation only the retinal vessels 
are affected. 

Retinitis proliferans is characterized by the presence in the vitreous 
of connective-tissue membranes or bands proceeding from the disk and 
surrounding retina. The frequency of intraocular hemorrhages in these 
cases has led some authors to regard the membranes as unabsorbed blood- 
fibrin. In some cases, however, membranes form without previous hem- 
orrhages. Chronic retinitis is present, as indicated by the reports of cases 
which describe '‘proliferation of Miiller’s fibers.*' Membranes may orig- 
inate from granulation tissue or from the adventitia of the bVood-vessels. 
It is probable that a variety of causes may, under favorable conditions, 
produce the phenomena. The membranes are composed of connective- 
tis.sue cells. Membranes frequently form after perforating injuries, espe- 
cially if a foreign body has lodged in the eye. ^ 

Amaurotic family idiocy is an hereditary disease occurring in 
infancy and terminating in death in from one to two years. The fundus 
changes consist of a whitish area around and including the macula, with 
a cherry-red fovea centralis, I'he macular picture closely resembles oc- 
clusion of the central artery. The pathologic examinations have shown 
that the disease is a degeneration of the gray matter of the entire central 
nervous system, including the ganglion cells of the retina (Holden^. It 
is commonly observed in children of consanguineous parents. 

The retinal change sometimes observed in leukemia and generally caUed 
retUiltia letstemica is characterized by the occurrence in the retina of leukemic 
infiltrations which in every way resemble the same changes seen in the liver and 
kidneys. Therefore, as Virchow has showir, the process here is a kind of tnetas- 
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ta$is» not an inflammationvin a strict sense. Virchow never confirmed his surmise 
that Icucocytheinic tumors might be found in the retina. Pseudotumors, however, 
occur in this 4isc3ise, both in and upon the surface of the retina. They are composed 
of white and ned blood-corpuscles which have escaped from the vessels, probably by 
diapedcsis., Tfie nodules of blood-corpuscles show no tendency to organization or 
vascularization, neitl)^r do they undergo degeneration. Retinitis and also throm- 
bosis of the central vein may occur in the course of leukemia. 

Chronic inflammation of the retina assumes certain special forms 
the •linical features of which are fairly constant. 

Retinitis circinata, first described by Fuchs, appears ophthalmoscop- 
icly*as a ring of white spots or lines encircling the macula. Vascular 
or retinal degeneration also is usually observed. Hemorrhages into the 
retina occur in most if not all the cases. It is a disease of the later period 
of life, although exceptionally it has been observed in young adults. 
Various theories have been advanced to account for the white spots. One 
case has keen examined niicroscopicly by Ammann. There was peripheral 
retinal edema. The sustentacular tissue appeared thickened. In those 
parts that were clinicly recognized as diseased, the retina was greatly 
thickened. In the internuclear layer only were numerous hyaline bodies 
of homogeneous or slightly granular appearance. They were blended 
with extravasat<id blood and were evidently derived from degenerated 
blood-corpuscles. The hyaline deposits were surrounrled by large, mono- 
nuclear vesicular cells containing fat. The choroidal vessels were scle- 
rosed. The disease is a degenerative process in whicli a variety of retro- 
grade changes undoubtedly takes place. Arteriosclerosis is so common an 
accompaniment of the disease that many regard it as the cause. 

In the* course of a retinal.inflammation# small hemorrhages are 
sometimes observed. These hemorrhages are generally situated in the 
nerve-fiber layer (striate hemorrhages), less frequently in the 
deeper layers. If the hemorrhages frequently recur or are so extensive as 
to become tl^ most prominent feature, the condition is called hemorrhagic 
retinitis {retinitis luemorrhagica). On the other hand, retinal hemor- 
rhages may occur also without inflammation, r.f/.. as a result of intense 
hyperemia from compression of the veins in glaucoma and in optic neu- 
ritis; further, in general venous congestion due to a heart lesion; in 
leukemia; occlusion of the central artery and thrombosis of the central 
veitip; in bleeders, etc. They are so frequent among young adults of both 
sexel that a separate group has been created under the name of recurring 
vitreous hemorrhages in the young. These frequently depend upon tuber- 
culosis of the ciliary body. Retinal hemorrhages occur partly in the 
retina itself (infiltrating form, especially in the* nerve-fiber layer), partly 
in the vitreous. In both cases slightly opaque areas and seldomer pig- 
tneifted cicatrices remain after the very slowly progressing absorption. 
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Edema: — la edema of the retina resulting from vashular or lymphatic obstruc- 
tion the fluid is usually abundant. It is poor in albuminous' constituents and is 
readily absorbed when the obstruction is removed. Fluid of inflammatory origin, 
however, is rich in proteids, which are precipitated by hard$ning[ reagents and 
appear under the microscope either as a finely granular deposit, a fibrinous coagptum 
or as rounded, hyaloid masses. Such exudates may be removed» or they may oe 
replaced by scar-tissue. They may also pass through the degenerative processes 
which terminate in fatty or calcareous deposits. In acute inflammation the blood- 
vessels are surrounded by polymorphonuclear leucocytes, which may wander off into 
the vitreous or choroid, or the tissues may be infiltrated by lymphocytes. In both 
acute and chronic retinitis extravasations of blood are common. If the hemorrhage 
is slight, the blood usually accumulates between the axons of the nerve-fiber layer, 
where they present the characteristic striated or flame-shapt?d ophthalmoscopic 
picture. In more extensive hemorrhage or in hemorrhage from the retinal capil- 
laries the blood follows the direction of Muller's fibers and accumulates in the 
nuclear layers, forming round or irregular patches. Blood extravasated into the 
retina does not usually clot. Its removal is slowly accomplished by leucocytes. The 
hemoglobin may remain and form pigmented deposits. 

Acute purulent inflammation of the retina may be exogenous or 
endogenous. Exogenous infection is common after perforating 
wounds of the eye or corneal ulcers. Purulent retinitis forms a part of 
panophthalmitis. As infection usually occurs in the anterior segment of 
the globe, purulent infiltration of the retina appears first at the ora serrata, 
and also around the optic nerve, the latter location being reached via 
the hyaloid canal. The swelling of the retina from inflammatory edema 
is very great. The accumulation of fluid quickly produces complete de- 
tachment. The entire retina is infiltrated with leucocytes, which ensheath 
the vessels, particularly the veins. From the retina the purulent process 
passes to the vitreous and choroid. The contents of the eye may undergo 
necrosis and be discharged as pus, or organization of exudates may 
eventuate in phthisis bulbi. 

Purulent endogenous or metastatic retinitis presents the micro* 
scopic appearance of the exogenous form. It occurs in the course of 
sepsis, particularly in cases of puerperal infection. It is probable that 
many cases regarded as metastatic choroiditis really begin in the retina. 
It appears to develop from a general bacterial infection of the retinal 
capillaries. Both eyes are commonly affected. 

Considerable confusion has resulted from the application of the term 
^'septic retinitis'^ to a condition which differs from pumlent 
metastatic retinitis. It occurs in the course of various septic and other 
conditions and is characterized by the appearance (ophthalmoscopicly) 
of white spots around the disk, but not on or very near the macula. 
Hemorrhages also occur. Usually there is no inflammatory reaction man- 
ifested externally. The pathologic findings are not constant, the most 
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common being the so-called varicose nerve-fibers and areas of exit- 
dates. Similar ophthalmoscopic appearances are observed in a variety 
of dyscrasis*, such as leukemia, carcinomatosis, scurvy, anemia, albu- 
minuria, .diabetes, etc. 

The presence of blood-vessels in the retina renders it susceptible to inflamma- 
tory processes, both acute and chronic. In considering its pathology, however, it 
should be borne in mind that the retina is a highly specialized portion of the 
central nervous system in which many of the most destructive changes are secondary 
to disturbances of nutrition. The retinal blood-vessels form a terminal system, 
having no anastomoses with the choroidal or other vessels, while the only lymphatics 
are those which accompany the vessels. Therefore, any obstruction in the circula- 
tion is quickly manifested by transudation of serum into the retina. The cause of 
stasis may be remote, as in pressure upon the brain or along the course of the 
optic nerve ; it may result from obstruction of the central artery or its branches by 
an embolus or thrombus, from the presence of foreign bodies or growths, and 
from injuries, direct or indirect. Detached retinas become edematous both from 
stasis and absorption of fluid. The early stage of inflammatory processes is, of 
course, marked by edema the extent of which depends upon the intensity of the 
process. Edema of the retina manifests itself first in the nerve-fiber layer, which 
is the region of the larger blood-vessels. The nerve-libers are separated by fluid, 
the inner layers being lifted up at the expense of the vitreous space. Transient 
edema of the nerve-fiber layer subsides without permanent injury to the retina. 
When the edema long continued and in the edema of chronic degeneration, the 
fibers swell and lose their outlines. The ganglion-cell layer participates in edema 
of the nerve-fil>er layer. Transient stasis may not injure these cells, but they are 
the least resistant of the retinal elements. In edema of the nuclear layers the 
cells are separated into vertic columns. This configuration is determined by the 
arrangement of the fibers of Muller. Edema is manifested particularly in the 
internuclear •(external reticular) layer. Large spaces may form of sufficient size 
to be called cysts. The delicate fibv^rs of the internal reticular layer 
are unable to withstand an extensive edema, and irreparable damage follows their 
rupture. The external limiting membrane offers considerable resistance to pres- 
sure, but finally ruptures, and the granules of the external nuclear layer are forced 
in considerable numbers into the layer of rods and cones. Nuclei found in this 
layer under such conditions are not to be confounded with the extruded nuclei 
found in normal retinae. Although the rods and cones are very resistant to true 
inflammatory processes, they are readily ^dissolved by the serum of simple edema. 
Frequently after a severe contusion of the eyeball there is a transient loss of vision 
and the retina presents a grayish-white opacity. The condition has been called 
romtnoh'o reiinte. It is now known that the whitish discoloration is an exudation 
of #|rum between the choroid and retina. It is supposed to come from the choroid 
and ^0 depend upon paralysis of the walls of its blood-vessels. Edema of the 
retina may lead to the formation of cystic spaces of large size. Such spaces are 
frequent In old detachments. They are due to separation of the layers of the 
tqltifia. Similar cysts* have been observed as a congenital condition. Under the 
name of peripheral cystoid degeneration of the retina 
(tvauoff's edema*) has been described a condition characterized by the existence 
; ol spaces in the retina situated at its^icriphery behind the ora serrata. These are 
aknoist constant in eyes of persons, over 50 years of age and may be present in 



early life; In advanced cases the nerve elements have usually disappeared^ the 
spaces being formed by the distended sustentaculum of the retina. They are com- 
mon in inBammations of contiguous tissues, but no special origin ca^ be assigned 
to them. The spaces may contain serum or any of the products of inflammation or 
degeneration. * ^ 

Endophlebitis and thrombosis occur in the central vein and its 
branches, and cause enormous venous hyperemia, which is usually fol- 
lowed by intense, even recurrent hemorrhagic infiltrations. These fkially 
terminate in complete destruction of the retina. Thrombosis is more 
frequently observed in advanced age ; it may, however, at any age follow 
an inflammation which extends to the wall of the vein. 

Obstruction (embolism) of the central artery of the retina 
or of its separate branches is immediately followed by complete loss of 
vision, due to acute ischemia throughout the area supplied by the vessel. 
The ophthalmoscopic picture is characteristic of the condition. The retina 
presents a milk-white opacity, which appears within a few hours. The 
opacity is greatest around the macula and optic disk. The fovea cen- 
tralis appears as a cherry-red spot in the midst of the opaque retina. 
Unless circulation is quickly restored, the retina perishes and later under- 
goes extreme degeneration. In 18.S9 von Graefe diagnosticated such a 
case as embolism of the central artery, and this was confirmed two years 
later by necropsy. For many years embolism was supposed to explain all 
cases presenting the appearance of obstruction. Recent investigations, how- 
ever, indicate that the great majority of such cases depend 
upon obstructive disease in the vessel walls, ^which may 
or may not result in the formation of a thrombus. Post-mortem exam- 
inations of these cases do not throw as much light upon the subject as 
might be expected, because the fibrous and degenerative changes occurring 
after vascular obstruction mask the original cause. The opacity of the 
retina is due to degeneration of the ganglion cells and nerve-^fibers. The 
cherry-red spot seen in the macula is the nontial red of the choroid con- 
trasted with the now white retina. l*he choroid is visible at the macula 
because this area contains no nerve-fibers, being composed only of the 
layer of cones. 

If the embolus contains infectious germs, an acute purulent 
retinitis results, which usually quickly terminates in panophthalmitis. 
On the other hand, purulent retinitis may be the result of extension of 
a purulent process from adjacent parts (frequently after trauma). 
Finally, it is always an accompaniment of panophthalmitis originating 
from other causes. * 

Belachment of the retina from |he choroid, upon which it only 
loosely rests, may be caused by changes in the vitreous, by escape and 
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prolapse of the vitreous in injuries, by shrinkage, by exudates or extrav- 
asates from the choroid, by tumors of the choroid and retina, and by the 
cysticercus. ♦ Retinal detachment is usually partial at first, but later in- 
creases in extent, and, finally, becomes total. 

When the retfna remains adherent only at the papilla and the ora 
serraia it is thrown into folds and in total detachment assumes the form of 
a funnel. Sometimes laceration {ruptura retinct) is observed; the vit- 
reous may then escape through the rupture and enter between the retina 
and choroid. 

*GUoma of the retina (Virchow) is the only tumor positively 
known to originate in the retina. In the rare examples of other supposed 
primary retinal growths, the diagnosis has not been established beyond 
doubt. Glioma occurs only in children, usually before the 6th year, and 
probably in a large proportion of cases it is congenital. It is frequently 
bilateral Imd. manifests a tendency to affect several members of one 
family. The presence of the neoplasm is usually discovered before the 
third year of life. It may cause detachment of the retina as well as de- 
tachment of the choroid from the sclera, and, as a rule, forms metastases 
only when the sclera is perforated. It passes through the same stages 
as sarcoma of the choroid. Metastatic deposits, however, occur much 
sooner than in sarcoma and show a preference for the bones of the face 
and skull, the brain, and the lymphatic glands, particularly the pre- 
auricular. 

Intraocular metastases — daughter deposits, which are almost un- 
known in ^rcoma of the choroid — occur in all cases of glioma retina*; 
in fact, this is the principal method of extension. 

Under the name “cr 5 rptoglioma” Schobel has called attention to 
certain rare cases of glioma which undergo temporary retrogressive 
metamorphosis. There is an accompanying chronic iridocyclitis. The 
gllohia degenerates and the eye shrinks, thus producing the picture of 
pseudoglioma. Sooner or later the glioma begins to grow again. 
Probably permanent spontaneous cure of glioma rctuue is unknown. 
Temporary recession without existing intraocular inflammation has been 
observed ( Scott Wood ) . 

Glioma reiincp is highly malignant and invariably terminates in death, 
unle^ the eye is enucleated before the stage of extraorbital extension. As 
a rule, glioma grows outward into the subretinal space, less frequently 
inward into the vitrequs cavity. This has led to a gross classification into 
glibma exophytum and glioma endophytum. . 

In its structilre glioma of the retina resembles angiosarcoma of the choroid, 
but iipsse^ses a more complex organiMtion. The tumor is formed by convoluted 
blood-vessels surrounded hy a thick mantle of cells. These cellular tubes are sep* 
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arated from* cacli other by wide areas of necrotic cella* The ccUs which c^ns^se 
the vascular sheath are arranged in the form of tubules, cylinders, circles, and 
radiatcly around stems of connective tissue* This description applii^S to the early 
stage of development. In advanced cases, as the result of hemorrhages, necrosis, 
and pressure, the details K)f structure are difficult to trace. The Cells are embryonic 
in type, the majority being small and round or cylindric, with* large nuclei and very 
scanty, homogeneous protoplasm. Many possess short prolongations. Glioma cells 
never contain pigment; any pigment present in the tumor is displaced uveal or 
retinal pigment or due to hemorrhage. Wandering leucocytes may contain gigraent. 
In those cases where the cells form tubules, transverse sections of the latter appear 
under the microscope as small rosettes. The rosettes consist of closely and regularly 
packed cells of pyramidal form arranged around the lumen of tubule. The cell 
nucleus is situated at its periphery. The cell protoplasm extends inward and 
unites with that of adjoining cells to form the membranous lining,^! the tubule. 
This structure in a tumor is pathognomonic of glioma retinee. TmBiwlIs are sup-* 
posed by Wintersteiner to be due to proliferation of the rods and cones. Ganglion • 
cells and neuroglia cells also are present. According to Greeff, neuroglia spider 
cells predominate. The intercellular substance is scanty and is <said to consist 
largely of cell processes. 

Glioma is supposed to arise from the nuclear layers of the retina, most fre- 
quently from the inner (3 to 1). In common with other malignant growths, glioma 
retina undergoes necrotic and degenerative changes, especially calcific, which occur 
much earlier than in sarcoma. The metastases of glioma retina resemble sarcoma. 
The metastatic deposits appear to excite proliferation of the connective-tissue cells 
among which they lodge. 

The name glioma^' is based upon its supposed origin from the neu- 
roglia of the retina (Virchow). Greeff believes that it develops from misplaced 
neuroglia spider cells, while Wintersteiner attributes its origin to misplaced rods 
and cones (Cohnheim’s rests). He, therefore, adopts Flexner’s term “neuro- 
epithelioma'' as preferable to glioma. Treacher 0)llins coifcidcrs glioma 
retina to be composed of embryonic retinal 6ells, being analogous in this respect to 
sarcoma of other parts. The close resemblance of gliomata to angiosarcoma, espe- 
cially perithelioma, suggests that these tumors arc of vascular origin. 

Syphilitic retinitis. Many of the retinal and choroidal chimges 
previously described, such as disseminated choroiditis, chorioretinitis, etc, 
are of syphilitic origin. Owing to the lack of microscopic examinations 
of early cases, it has not been determined whether the changes tAserved 
in the fundus in diffuse syphilitic retinitis are primary in the retina or 
secondary to choroiditis. In the late stages of such cases, both retina 
and choroid are involved. There is certainly no reason to belh^^tbat 
retinal vessels are exempt from primary syphilitic disease, or that va&cular 
changes in the retina could not antedate those in the choroid. In the cases 
^amined the walls of the blood-vessels are greatly thickened and kn- 
hedded in rpund cells. The vascular degenerations correspond to those 
lottad in syphilitic lesions elsewhere; nevertheless, they cannot be ^oiigdd- 
pitiic^inonxxiic » . ' * 
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Tuberculosis of the retina, with rare exceptions, is secondary to 
tuberculosis o£ the uveal tract. Exceptionally, tubercle appears on the 
papilla* and extends to the adjacent retina. In the most probable case 
(O'Sullivan and Story) the diagnosis of tubercle was made before enu- 
cleation. A retinal growth was found surrounding the disk, but separated 
from the choroid by an abundant effusion. It presented the anatomic 
structure of tubercle. The patient was an apparently healthy young 
womaff. * Tubercle bacilli were not demonstrated. 

In the great majority of cases leprosy attacks the eye through the 
ciliar/ body. The disease exhibits no predilection for the retina. The 
changes which have rarely been noted consist of inflammatory thickening 
and the presence of lepra bacilli. 

* THE ORBIT. 

The globe ties in the orbit enveloped in an abundant layer of fat-tissue. 
Alterations of the wall of the orbit arc generally connected with diseases of the 
bones, to which the reader is referred. (See p. 902.) 

The shape of the orbit approximates a quadrilateral pyramid the apex of 
which is the optic foramen. The inner walls of the two orbits are nqarly parallel ; 
consequently, their outer walls are highly divergent. The orbit is formed by the 
frontal, the sphenoid, *the malar, the superior maxilla, the palate, the lachrymal, and 
the ethmoid bones, A portion of the inner orbital wall, made up by the lachrymal 
bone and lamina papyracca of the ethmoid, is extremely thin. At the border of the 
external opening the bones arc greatly thickened to form a protecting ring, called 
the margin of the orbit. A depression in the upper outer wall of the 
orbit, know'n as the lachrymal fossa, contains the lachrymal gland. In the poste- 
rior portion of the orbit are three important apertures : the optic foramen, 
which transmits the optic nerve and oplfthalmic artery, the artery lying below the 
nerve ; 2, the superior orbital fissure, which lies between the greater 
and lesser wings of the sphenoid and transmits the nerves to the extrinsic muscles, 
and also the ophthalmic division of the trigeminus ; 3, the infraorbital fis- 
su r e ,^,Jormed between the greater wings of the sphenoid and the superior 
maxilla, which transmits the superior maxillary division of the trigeminus. This 
fissure is peculiar in that the fascia by which it is closed contains large numbers 
of smooth muscle-ftbers : the muscularis or^Ualis of Muller, innervated by the 
sympatJtetic. 

The size of the orbit is proportioned to the size of the eyeball. At 
5 years of age it is nearly as large as in adult life. The size of the two orbits may 
differ iti^the same individual from imperfect development of the hones, as when an 
eye has enucleated or phthisis bulbi has occurred in childhood. In such cases 
the corresponding orbit ceases to grow or even diminishes in height so as to form 
a hssure-shaped opening. 

The orbit contains the eyeball, optic nerve, lachrymal gland, ocular muscles, 
nervcSi and blood-vessels. These structures arc imbedded ^n adipose tissue and held 
together tiy a closely 'united system of fibrous ligaments and fascia, a strong mem- 
bran<^ wf^ich h attached to the margin of the orbit and ^hc tarsi.^ The eyeball is 
ha a flbrous envelope, called the capsule of Tenon, containing 

' * 68 
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Openings for the cornea and optic nerve. The space between the eyeball and 
Tenon’s capsule is lined with endothelium, constituting a synovis^l, sheath for the 
globe. The tendons of the extrinsic ocular muscles pierce the capsule and receive 
sheaths from it. 

The eyeball is situated in the anterior portion of the orbit, so that the apex 
of the cornea will, in most cases, just touch a vertic line drawn between the upper 
and lower margins of the orbit. This rule, however, varies considerably within 
normal limits. 

'Fhe orbits participate in congenital malformations of the^ skull. 
Thus, in double-faced monsters they may be absent, while in hemi- 
cephalics with markedly prognathous skulls they may. be abnormally en- 
larged. In microceplialus, acephalus, and cyclopia the orbit is usually 
very small and the optic foramen frequently absent. In some cases of 
optic atrophy associated with congenital deformities of th^' cranium, th<; 
optic foramen has been found to be very small. In these cases it is un- 
certain whether the atrophy is due to narrowing of the foramen or both 
conditions proceed from a common cause. 

Among other congenital anomalies may be mentioncvd: (a) fis- 
sures in the orbital surface of the superior maxilla, and also in the 
lamina pap^racca of the ethmoid; (b) intercallary bones in the 
roof of the orbit, and also a form of osteophyte orbitalis), are 

sometimes found; (c) the orbital of)ening may be displaced by a bony 
arch formed below the supraorbital ridge; (rf) defective development of 
bones in the anterior portion of the upper and inner angle, which causes 
hernia of the meninges (meningocele) or of the cerebral substance 
(encephalocele). t, 

Acquired distortions of the orbital walls may be due to pressure 
from adjacent facial or cranial cavities. Some authors have attributed 
cases of myopia to irregularities on the bony walls of the orbit which 
interfered with the natural movements of the globe. Cases of divergent 
strabismus also have been supposed to depend upon excessive separation 
of the orbits. 

The most important affection observed in the orbital adipose tissue is 
acute inflammation, which is either circumscribed and terminates 
in abscess f o r m a t i o n' or spreads over a more or less large area 
as diffuse phlegmon.^ This acute inflammation is either an ex- 
tension from an adjacent process,^ or a metastatic affection,^ or the result 
of injuries with immediate or subsequent infection of the wound. In- 
flammation of Tenon's capsule (tenonitis) may be idiopathic or the 

1 Orbital abscess, usually retrobulbar abscess. 

2 Retrobulbar phlegmon, orbital phlegmon. 

2 Facial erysipelas, periostitis, catHcs, empyema of neighboring cavities, 
arachnitis cerebrospinalisi etc, 

^ In septic processes, puerperal fever, bone suppurations, etc. 
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result of trauma. The symptoms of tenonitis vary according to the 
severity of the inflammation. Usually, there is moderate exophthalmos; 
chemosis, either diffuse or localized over the attachment of a muscle, and 
moderate-edema of the lids. It may occur in gout, rheumatism, infectious 
diseases, and sepsiS, and is not an unusual sequela in tenotomy. 

An extensive extravasation of blood into the orbit is nearly 
always due to trauma and frequently is observed in fracture of the orbit. 

In rSre cases it is due to vascular degeneration, and has followed also 
violent cougliing. Sometimes the hemorrhage is so intense (in rupture 
of a* large vessej) that the globe is forced completely out of the orbit: 
luxatio bulbi traumatica. 

Emphysema of the orbit is always due to fracture communicating 
^ with the nasal passages. 

Exophthalmos (p r o p t o s i s , ''goggle-eyed”) signifies protru- 
sion of the ^obe from the orbit. Exophthalmos may be of various de- 
grees. In the mild degree closure of the lids is still possible; in the 
intense forms, however, this can no longer take place, so that further and 
severer changes occur in the cornea, etc. Exophthalmos is usually pro- 
duced by diminution in the size of the orbit or increase of its contents, 
generally the latAr; for example, it is caused by acute inflammations of 
the orbital adipose tissue from nasal-sinus disease, etc.; extensive hemor- 
rhages into the orl)it, including those of the optic nerve, and orbital tumors 
(exostoses of the orbital wall, lipoma, sarcoma, carcinoma of lachrymal 
gland, angioma) ; aneurism of the ophthalmic or carotid artery; throm- 
bosis of tlv| ophthalmic vein in connection with sinus thrombosis, etc. 
Finally, exophthalmos is a nearly Constant symptom of Basedow's disease. 
(See p. 742.) 

In excessive exophthalmos the ocular muscles are put on the stretch, so that 
they are unable to move the globe, thus causing diplopia. The S-shape of the 
optic nerve pcifuits considerable displacement of the eyeball without impairment of 
its integrity. The proptosis may, however, be great enough to cause optic neuritis 
and subsequent atrophy, especially if the displacement develops very rapidly. The 
neuritis and atrophy accompanying cellulitis are of toxic or circulatory origin. If 
the protrusion is sufficient to prevent closure of the lids (lagophthalmos), the 
cornea becomes dry, particles of dust which cannot be removed by winking adhere 
to its surface, ar\d ulceration ensues (keratitis e lagophthalmos, q.v.). The pres- 
sure of the eyeball from behind upon the lower lid produces ectropion. Ex- 
ophthalmos is observed also in some cases of paralysis of the extrinsic muscles 
after ill-advised tenotomies. 

• Pulsating exophthalmos k applied to a ccwidition presenting a com- 
plex of symptoms, the most prominent being marked proptosis, a com- 
pressible tumor of the superior inner angle of the orfeit; swelling and 
vascular stasis of the conjunctiva, lids, and brow; pulsation of the lids 
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and gl6be, loud bruit heard over the head and ceasing instantly on com^ 
pression of the common carotid, dilation and pulsation of the retinal 
veins, and sometimes neuroretinitis. In the majority of cases pulsating 
exophthalmos is of intracranial origin, and results from aneurismal varix 
between the internal carotid artery and the cavernous sinus, the arterial 
blood being pumped into tlie sinus under high pressure and thence into 
the ophthalmic veins. Other reported causes for this condition are aneu- 
rism of the internal carotid, and also of the ophthalmic artery at its origin. 
The rare cases of orbital origin have been attributed to telangiectatic 
tumors and aneurisms. 

Intermittent exophthalmos is a rare condition in which the eye 
protrudes at irregular intervals, usually when the head is lowered. It 
has been supposed to depend upon varicose veins in the orbit. Exoph- 
thalmos due to the presence of tumors and inflammatory exudates in the 
orbit are considered under their appropriate titles. 

Abnormal retraction of the eyeball into the orbit is called enoph- 
thalmos. It may be due to loss of orbital fat from injuries and oper- 
ations, or its absorption in progressive facial atrophy, and in extreme 
emaciation. The majority of cases of enophthalmos follow blows in the 
orbital region. When enophthalmos immediately foltows injury, it is 
probably due to fracture which has led either to enlargement of the 
orbital cavity, loss of orbital fat, or dislocation of the globe. According 
to Lang, the lesion is fracture communicating with the antrum of High- 
more. Enophthalmos may occur weeks or months after injury of the 
orbital region, and it not infrequently is associated with paralysis of the 
inferior oblique muscle. The following explanations have been pre- 
sented to account for this late paralysis: fracture of the floor of the orbit 
(Lang); paralysis of the orbital muscle of Miiller (Schapringer) ; 
trophic disturbance from lesion of the nerves, particularly the sympa- 
thetic (Baer); cicatricial contraction (Gessner); injury to ^Tenon's cap- 
.sule (Schoonmaker). In certain cases of defective motility of the eye, 
recession of the globe occurs in adduction. The exact cause of this phe- 
nomenon is not accurately determined, although it probably depends upon 
shortening or rigidity of the extemus, whereby it acts as a check on the 
internal rotation of the globe. Enophthalmos occurs in paralysis of the 
sympathetic nerves, in myelitis of the cervical cord (involvement gi the 
sympathetic), and after the subsidence of pulsating exophthalmos. 

Periostitis of the orbit may be due to injury or to constitutional 
dyscrasiae, ie., syphilis ^nd tuberculosis. The disease may subside or* go 
on to suppuration. Abscess and fistula, which persist for years, 
are common sequete. When the prowss is deeply situated in the orbit, 
retrobulbar abscess may be expected. 
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In sub*perios teal gtimma of the orbit, there is extensive 
bone necrosis. Sequestra may be retained in the orbit for years, their 
final expulsion being followed by extensive loss of tissue and deformity. 
Certain forms of periostitis, especially of syphilitic origin, may cause 
great thickening of the orbital bones. Osteitis not infrequently 
extends to the orbit from adjacent cavities. 

Phlegmon (retrobulbar abscess or cellulitis) of the 
orbital tissues may result from injuries, foreign bodies in the orbit, 
infection dujing Operations ; abscess in adjoining cavities,^ especially the 
ethmoid, and from disease of the alveolar process of the superior maxilla. 
It may be associated with dacryocystitis, pharyngitis, parotiditis, and ery- 
sipelas. As a metastasis, it occurs in various infectious diseases. After 
evacuation of, the pus, prompt healing usually ensues. The vision, how- 
• ever, is frequently inq^aired or destroyed through inflammation and atro- 
phy of the optic nerve or thrombosis of its vessels. Other complications 
of orbital cellulitis are inflammation of the uveal tract, detachment of 
the retina, panophthalmitis, and occasionally meningitis or cerebral 
abscess. 

Thrombosis of the cavernous sinus in its early stages may simu- 
late retrobulbar abscess (cellulitis). The orbital and ocular symptoms 
in this disease are due to stasis in the ophthalmic veins, which discharge 
into the cavernous sinus. Thrombosis of the cavernous sinus is usually 
of septic origin and arises from carious or purulent foci about the head 
and neck. 

Trichiqpsis of the orbital muscles has been described. ( See p. 366.) 
There is edema of the lids. conjuMctival hypereftiia with ecchymoses, and 
sometimes neuroretinitis with retinal hemorrhages. Subjective symp- 
toms are tenderness on pressure, painful motion, and diplopia. 

Tumors in the orbit connected with the optic nerve have already 
been describdtl. (See p. 1056.) Dermoid cysts are the most com- 
mon of all growths originating in the orbit. They are always congenital, 
although they may be so small at bijrtli as to escape notice. Later in 
life they may attain large size. The great majority of orbital dermoids 
are situated in the anterosuperior portion near the external or internal 
although they may occur elsewhere. Located, as a rule, in front 
of thr globe, they do not cause exophthalmos, diflFering in this respect 
from other, tumors of the orbit Although the main tumor is situated 
superficially, its processes may extend very deeply into the orbit. A 

— JL. 

, ^ Babes and Mironescu describe (Centbl f, Baku, Bd. 55, H. 2) 2 cases of 
abscess, one retrooulbar. the other of the cheek, in which black granules were 
futtn^ and discharged with the pus from a fistula The granules and black masses 
otlipi^ed from connective-tissue fibers and were caused by a thread fungus. 
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dermoid of large size usually exerts sufficie‘nt pressure upon the bones to 
create an artificial fossa. Dermoids are not infrequently mistaken for 
sebaceous cysts, from which they are differentiated by their epithelial 
lining and the presence of dermoid elements, i,c., hairs, sebaceous glands, 
sweat-glands, etc. Secondary cysts may develop froni^these glands within 
'the original cyst. Dermoids of the orbit are subject to various degen- 
erative changes. As the result of internal ulceration of its walls, the 
cyst may contain largo masses of granulation tissue remarkable fqr the 
presence of great numbers of enormous giant cells. ^ These cells 
are of the ‘^foreign body” type, and have been attributed to the presence 
of hairs in the granulations. If sebaceous glands predominate in the 
tumor, the secretion from them may result in the formation of an oily 
cyst. In dermoids containing few or no sebaceous glands the accumu- 
lation of cast-off epidermis and hairs may form an atheromatous 
cyst.^ ,* 

Considering the large amount of adipose tissue normally present in 
the orbit and its wide variations within physiologic limits, the diagnosis 
of lipoma situated in this locality must be accepted with caution. 

Fluid in Tenon’s capsule may simulate a cyst. Similar accumu- 
lations of serum may form on the tendons of the mu^scles, usually the 
levator palpcbrcv superior is, and on the .superior oblique, where it ]>asses 
through its pulley. Pseudocysts may result also from degeneration 
in the center of a blood-clot. 

Hydatid cysts usually occur in young people, two-thirds of all 
cases occurring between the ages of 11 and 21 years (Neisser). 

Cysticercus cysts of the orbit aijje very rare. When* they occur 
they are not, as a rule, deeply situated. 

Granulations and polypi found in the orbit arc usually connected 
with disease of the bone, either in the orbit or in some of the adjoining 
cavities. t 

Primary exostoses of the orbit usually spring from the upper and 
inner angle. They may, however, grow from any portion of the bony 
wall. The great majority of these growths consist of a smooth, thick, 
knobby shell of extremely dense, hard bone containing a center of spongy 
bone (ivory exostosis). In rare cases the spongy bone may pre- 
dominate, or they may be partly cartilaginous. As a rule, osteoma df the 
orbit is of extremely slow growth, exceptions being the spongy and '^carti- 
laginous varieties. When they are situated in the sphenoidal fissure, the 

^ Sperber has reported* (Centb. f. AugenML, May, 1907) a case of “mucous 
cyst in the orbit with oily, contents,’' which he concludes developed from either a 
conjunctival pouch or from inclusion of the nasal mucosa. The author certainly 
has failed to demonstrate that the growth ?ira8 not a true dermoid. 
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optic nerve is compressed and* atrophy results. Osteoma may invade the 
orbit from without. Such cases should be carefully differentiated for the 
reason that primary tumors situated superficially are not difficult of re- 
moval, wheretis considerable danger to life attends operation upon those 
which havie extended to the orbit from the facial cavities. 

Simple hemangioma, or telangiectasia, and cavernous heman- 
gioma both occur in the orbit. Telangiectases are congenital growths 
situated in the lids, whence they extend into the orbit. Cavernous angio- 
mata develop in Iht orbit. While the telangiectases are not usually 
encapsulated* 'the cavernous hemangiomata possess a thick, fibrous cap- 
sule lined with eijdothclium, from which trabecuLTe extend into the tumor, 
the structure being that of erectile tissue. This form sometimes contains 
phleboliths. Spontaneous fibrous degeneration may take place in these 
» growths (angiofibroma). That they undergo sarcomatous degen- 
eration is ^difficult to prove, inasmuch as such neoplasms may have been 
malignant frepn the beginning. Bruit and pulsation do not belong to the 
history of these tumors, cases of pulsating exophthalmos reported as 
dependent uix)n hemangiomata being open to doubt. 

Lymphangiomata of the orbit are rare. 

Doubt has bejii expressed as to the occurrence of fibromata in the orbit. 
They may grow from the periosteum, sheaths of tendons, and dural sheath of the 
optic nerve. In diagnosticating lihroma of the orbit the tendency of other growths, 
especially angiomata, to undergo fibrous hyperplasia must be borne in mind. 

Lymphomata occur in the orbit. They may be divided into: 1, 
leukemic and p s c u d o 1 e u k e m i c deposits, both of which are asso- 
ciated with diseases of the blood and blood-forming organs; 2, round- 
celled growths resembling sifrcomala, but Apparently nonmalignant. 

True neuromata, i,c., growths consisting of newly formed nerve ele- 
ments, and also neurofibromata, have been observed in the orbit. 
P 1 e X i f o r m neuroma {elcf^liautiasis ncuromatodcs, cirsoid neu- 
roma) occuts in the orbit very rarely. In the majority of cases the site 
of the disease is the temporopalpcbral region, and in about 12 per cent, 
of these the orbit is involved. But ^2 cases have been reported in this 
country: 1 by de Schweinitz and 1 by Beard and Brown. Ilistologicly, 
these growths exhibit “consecutive whorls of loose fibrous connective tis- 
sue containing .many nuclei, and in their centers medullated nerve-fibers, 
sometimes intact and sometimes destroyed by fatty degeneration” (de 
Schweinitz). Parsons describes a case as consisting of “coiled and con- 
voluted nerves of i\\e most various sizes, surrounded by dense fibrous 
tisSue fading off imperceptibly into the orbital fat. Curious bulbs were 
found resembling end-organs,” Beard and Brown's case was encapsu- 
lated^ Brown describes pearl nesis of closely packed, fusiform and epi- 
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thelioid cells. Ziegler regards the growth as ^e neuroma associated 
with fibromatosis. He*is impressed by its close resemblance to elephan- 
tiasis. Plexifotm neuromata are of extremely slow growth. They are 
regarded as nomnalignant ; nevertheless, they recur after bperation un- 
less thoroughly removed. They are said occasionally to undergo sarco- 
matous degeneration (secondary malignant neuroma of Garre). 

Primary carcinoma of the orbit does not occur. Carcinoma may 
invade the orbit from the skin, conjunctiva, lachrymal gland, and^from 
metastases deposited in the choroid. . . 

Sarcoma may develop primarily in the orbit, although' in the great 
majority of cases it is an extension or metastasis from sarcoma of the 
choroid. All varieties of sarcomata, including endotheliomata, have 
been reported as developing in the orbit. These reports, however, are 
of small statistic value, owing to the difficulties experienced in accu-* 
rately differentiating the primary from the secondary growths.^ 

Glioma of the orbit, which histologicly is sarcoma, *js always an 
extension or metastasis from glioma of the retina. 

The prognosis from operation in orbital tumors is far more favor- 
able when the tumor is encapsulated than when it is diffuse. 

THE LIDS. 

The frame of the eyelids consists of condensed fibrous tissue, which forms 
a plate — the t a r s u s — situated in the posterior portion of the lid. The inner 
surface of the lid is lined by the closely adherent conjunctiva palpebrarum ; the 
outer surface is covered by very thin skin. Except at the lower margin, where it 
unites with the tarsus to form the ciliary border of the lid, the skin ir quite loosely 
bound to the otlier parts by *iax areolar tisstie, poor in fat, and, therefore, is freely 
movable. Close contact between the tarsus and skin is attained by fibers from 
Mullers muscle, which pass through the orbicularis to the skin. Pigmented 
cells are usually scattered through the skin of the lids, especially at the inner 
canthus. Mast« and plasma- cells also are present. Between the palpebral con- 
junctiva and the external skin is the ciliary border or intcrmarginal seam, limited 
by an anterior, somewhat rounded and a posterior, quite sharp lid margin. Espe- 
cially differentiated hairs— the c i 1 i a — grow from the anterior free margin of the 
lid. These hairs, which are very large, are supplied with sebaceous and sweat- 
glands of correspondingly large size. The sebaceous glands arc known as the 
glands of Zeiss. The sweat-glands, known as the glands of Moll, 
discharge their secretion into either the hair follicles or ducts of Zeiss's ^ands. 
Throughout the substance of the tarsus is a closely set vertic row of greatly 
elongated sebaceous glands, designated as the Meibomian glands. The 
openings of these glands arc in front of the posterior margin of the lid. The 
secretion (sebum) of these glands lubricates the ciliary border and thus prevents 
overflow of the lachrymal fluid. Serous glands similar to the glands of Krause (see 
Ccmjunctiva, p. 953) are occasionally found near the upper portion of the tarsus. 
They are known as Waldeyer's gla n*d s . , 
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Fig. 525. — Perpen- 
dicular section through 
the upper lid (6X1). 
a, sweat-glands; as, pal- 
pebral arterial arch; c, 
cilia with sebaceous 
glands ; d, overhanging 
fold of lid; e, hairs; /, 
fornix : /i, orifice of 

Meibomian gland ; k, tar- 
sus ; kr, Krause's glands ; 
/, superior levator ; o, 
fibers of orbicularis mus- 
cle ; r, muscle of Riolani ; 
t, MiilleFs muscle ; v, 
anterior edge of lid ; w, 
acinous glands; s, lax 
connective tissue. (After 
Pucks . ) 
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The striped muscles of the lids are the . orbicularis • palpebrarum, 
which closes them, and the levator palpebree superioris, which lifts the lid. The 
muscle of Riolan is a narrow strip separated from the inner margin of 
the orbicularis by the row of cilia. Its fibers inclose the ducts of the Meibomian 
glands. Bands from the tendons of the superior and inferior recti and inferior 
oblique muscles are attached to the tarsi, so that the palpebral aperture tends to 
follow the movements of the eyeball. The un striped ’muscles are the 
superior and inferior muscles of Muller, which are attached to 
the proximal edges of the tarsi. By the action of this muscle the tarsus and skin 
of the upper lid are drawn into the upper sulcus when the eyes are opened. « 

* » 

The changes in the external skin of the lids are -in general the same 
as in the rest of the skin. Therefore, only those altecations which in 
some way are injurious to the eye will be discussed here. 

Owing to the loose connection between the skin and tarsus, edema 
of the lids readily results from inflammation or traumatism. It is 
usually marked in hordeolum and following the sting of insects. It is 
a secondary manifestation in a great variety of morbid coitflitions, such 
as severe conjunctivitis, panophthalmitis, dacryocystitis, suppuration in 
adjacent sinuses, and in periostitis of the orbit. It appears early in 
general edema. It results from any local obstruction to the circulation 
of the blood- or lympli- currents, as in thrombosis of the cavernous sinus, 
aneurisms of the internal carotid arteries, orbital cellulitis, tumors behind 
the eyeball, and in the obstinate blepharospasm of phlyctenular keratitis. 
In connection with the nervous system it appears as recurrent neu- 
rotic edema and in exophthalmic goiter, and it is mentioned as a 
sym[)tom of sympathetic ophthalmitis. It may appear without assignable 
cause. It is among the symptoms of trichinosis in the orbit^<and is also 
a manifestation of arteriosclerosis. 

Acute circumscribed edema of the lids. According to Schreiber,! all the 
forms described below, except the purpuric (4) and cyclic (5) form, resemble each 
other and are due to hypersensitiveness of the stomach or body to certain foods, 
drugs, or serums acting on an arthritic or nervous constitution: in other words, to 
anaphylaxis. (See p. 322.) 1. Arthritic edema, which appears as a white 

edema of sudden onset, affecting chiefly the face and eyelids, and may give rise 
to ephemeral nodules, 2. A sudden, acute edema of the lids occurring usually 
in hysteric subjects with alimentary disturbances. 3. Quincke's disease, 
which is noticed in arthritic adults and often is hereditary. It affects by preference 
the face and uncovered parts ; very often it is associated with* gastrointc|tinal 
troubles, and may lead to edema of the larynx and necessitate tracheotonvy. 4. 
Purpuric edema, affecting young neuroarthritic subjects, resulting from 
fatigue or overexertion ; associated with purpuric spots upon the lower extremities. 
5, Acute cyclic: infectious phenomena with fever, neuralgic pains; observed 

only in the eyelids. Deviation of the tongue, /acial paresis, abolition of tendon- 

« 

1 Arch. d. med, des enfants, April, 191 U 
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reflexes, lymphocytosis of the • cerebrospinal fluid are observed. 6, Serum 
edema, frequently seen after the use of diphtheria antitoxin, particularly in 
the lids. 

Emphysema of the lids may follow fractures of the orbit com- 
municating with the nasal passages. The normal skin of the adult eyelid 
do*es liot contain fat, although a certain amount is present in infancy and 
childhood. In cases of obesity fat may be deposited in the eyelids in 
such quantity as to be mistaken for lipoma. (See p. 1078.) 

In exophthalmic goiter the upper lid does not, as a rule, fol- 
low the moMnent oi the eye downward. This is called Graefe’s symp- 
tom* and is attributed to spasm of Muller’s muscle, which is innervated 
by the sympathetic. In paralysis of this muscle a pseudoptosis ensues 
from separation between the skin ami tarsus. 

Hypertrbphy of the lids may be associated with orbital disease. 
It occurs^ also in elephantiasis arahum and elephantiasis lymphangioidcs. 
In elephantiasis neuromatodcs, which occurs in the upper lid, the hyper- 
trophy is excessive, principally upon the conjunctival side, causing great 
ectvopion. In myxedema the lids arc always affected. Hypertrophy 
of the lid may take place in cases the pathology of which is very obscure. 

Atrophy of both the white and elastic connective tissue of the lids 
occurs as a senill change. Cases of extreme atrophy of the lid have been 
designated as blepharochalasis by Fuchs. The condition follows 
long-continued or frequently recurring edema. All parts are atrophied, 
the skin hanging in numerous fine wrinkles. Atrophy and distortion of 
the tarsus have been described in connection with trachoma. (See 
p. 961.) • 

In herpes coster frontalis sk^e ophthalmicus small, at first clear, later 
cloudy vesicles develop in the region of the frontal, sometimes of the 
nasociliary, nerve after violent trigeminal neuralgia accompanied by 
swelling and redness of the skin, which on healing leave small cicatrices. 
Almost syndhronously, but usually somewhat later, a similar eruption of 
small groups of water-clear vesicles occurs upon the cornea : herpes cor- 
neoe. This affection attacks principally elderly persons, especially males. 

Eczema appears as blepharitis ulcerosa. In children an eczema 
of the lids (with and without eczema of the face) is not infrequently 
obsyved, which in chronic cases, particularly when blepharitis 
coe3<ists, may cause ectropion by shortening of the lids. 

Small, water-clear vesicles, the size of a poppy seed, not infrequently 
develop upon the ciliary border, which usually disappear after a short 
tiAe and produce slight symptenns of irritation by pressure upon neighbor- 
ing parts* • 
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Inflammation of the margins of the lids: blepharitis, in its mildest 
form is confined to certain portions of the lid margins. These are red- 
dened and covered with scales. The lachrymal secretion iS usually in- 
creased. In the more intense grades of blepharitis the whole* lid is always 
altered; erosion and even flat ulcerations then develop, especially in the 
region of the roots of the cilia. Severe forms are complicated with con- 
junctivitis. Inflammation of the margins of the lid is very often chronic, 
and, therefore, gradually results in further changes: the cilia fall out 
(madarosis) and are replaced by new, feebler hairs, which almost 
always grow in an irregular direction ; the ciliary margin is rounded and 
thickened, and the inner edge of the Iki gradually disappears. The affec- 
tion extends over the anterior margin of the lid to the external skin and 
there causes hyperemia, desquamation, and excoriation. Then the cuta- 
neous surface of the lid becomes harder and begins to shrink, the deeper • 
parts also being involved. The tear puncta are thus directed outward 
and cease to functionate, so that the lachrymal fluid constan^Jy flows over 
the inflamed lid margin and the cutaneous surface of the lids (epiph- 
ora), thus supporting and even increasing the inflammatory changes. 
Consequently, the shrinkage becomes more intense, the external edge of 
the lid, which is still barely recognizable by the few markedly altered 
cilia, disappears, and the ectropium becomes more and more pronounced. 
The palpebral fissure can no longer be closed, and corneal affec- 
tions result. The Meibomian glands are very early involved in the 
blepharitis and secrete an increased amount of sebaceous material : sebor- 
rhcea s, blepharitis squamosa. In the severer forms and on long duration, 
if erosions, ulcerations, and cicatrices have already developed, the ostia 
of the glands disappear more or less* completely, the secretion being 
diminished or entirely suspended, and the lachrymal fluid, owing to insuf- 
ficient lubrication of the ciliary border, flows over the edges of the lids. 

Hordeolum externum, or stye, is a circumscribed, acute, suppurative 
inflammation of the margin of the lid in the neighborhood* of the cilia, 
which develops from a sebaceous (Zeiss) gland or the root of a hair, 
forming an intensely red swelling the size of a millet or hemp seed. It 
is usually due to infection with staphylococci. It either subsides after 
a short time (disappears by absorption) or goes on to suppuration and 
opens upon the external edge of the lid. This affection, 9articularly in 
the beginning, is usually accompanied by considerable tumefaction of 
the whole lid. Frequently several styes occur in succession. This is 
probably due to the fact that every stye contains infectious germs, which 
easily give rise to metast^es or reddives in the immediate neighborhood. 

Suppuration of a Meibomian gland is termed hordeolum internm. 
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MoU’s glands may become obstructed and form small, translucent 
granules upgn the border of the lids. They may be regarded as mil- 
iaria. Proliferation of the walls of these little cysts or of the epithelial 
lining may produce solid granules. (See Tumors -of Lids.) 

• In ery sipefatous and phlegmonous processes the lids, 
owing to their loose and flaccid structure, are usually markedly involved, 
so* that the palpebral fissure is obliterated by the very intense swelling. 
Purtilent^ and, gangrenous processes sometimes cause large de- 
fects of the ^<Snjunctiva, in the cicatrization of which shortening of the lid 
occurs, resultingjn lagophthalmos, or ectro|)ion. The same results 
follow those defects of the skin of the lid caused by external injuries 
(cauterization, burns, etc.) and by lupus, leprosy, and syphilis. 

The term trichiasis is employed to designate false direction of 
the cilia toward the globe. In distichiasis there is a double row of 
cilia, the Inner row situated near the inner edge of the lid and likewise 
directed toward the globe. Trichiasis and distichiasis frequently follow 
blepliaritis ; furthermore, trichiasis exists in every case of entropion. 

The false positions of the lids are ectropiuin, entropium, 
and ptosis. In ectropiuni the margin of the lid is lifted from the globe 
and the palpebraf conjunctiva more or less removed from the c(ntjunctiva 
bulbi. This defective position is always acquired and is due either to 
affection of the lids with shortening of the integument of the lid,^ in- 
flammation of the palpebral conjunctiva,*'^ tumors of the orbit, spasmodic 
contraction of the orbicularis in very intense synchronous swelling of 
the palpebral conjunctiva {ectr opium spasticum), or, finally, to paralysis 
or weakness of the orbicularis {^ctropium parilyiicum, senile)^ 

The exactly opposite position of the lids, namely, inversion of the 
lid margin, is called entropium. Tliis is the result either of cicatricial 
contraction of the palpebral conjunctiva and tarsus after trachoma {en- 
tropium cic<ltriccum) or of spasmodic contraction of the orbicularis in 
violent inflammatory irritations, or when the integument of the lid — as 
in old people — is very lax and foldcid {entropium senUe or spasticum). 
Entropium is always associated with false position of the cilia (trichi- 
asis). 

, Ptosis,^ ipcomplete elevation of the upper lid, may be congenital 
{ptops congenita) or acquired. Ptosis is acquired as the result of 
chronic conjunctivitis with swelling and thickening of the upper lid, 
adhesions of the cojejunctival surfaces (symblepharon), injury of 
th| levator paipebrw muscle, and oculomotor di^urbance. 

* Phlegmon, Abscess, furuncle, anthrax pustule. 

^Chronic blepharitis; scars after *buni8, cauterization, etc.^ 

^ Acute and chronic purulent conjunctivitis. 

, 4 to» fall, drop. 
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Congenital ptosis is due to defective action of the levator palpebrce 
muscle or to congenital redundance of skin, which hangs* down over 
the margin of the lid. t 

Coloboma palpebrw (palpebral fissure) is either congenital 
(usually associated with other anomalies) or acquired through in|ur/. 

Of the tumors observed in the lids, those especially worthy of men- 
tion are chalazion and xanthelasma. Furthermore, retentibn 
tumors, warts, angioma, lipoma, atheroma, dermoid cysts, epithefioma, 
sarcoma, enchondroma, and elephantiasis occur. , • ' . 

The Meibomian glands are particularly subject to ^ chronic disease 
called chalazion, which results in the development of a granuloma 
histologicly closely resembling tubercle. Numerous giant cells of the 
true Langhans type are always present. That it is not tfue tubercle is 4 
evident from its benign course. Furthermore, tubercle cannot be pro- 
duced by inoculation with chalazion material, neither have tulbercle ba- 
cilli been found in the growths. A great variety of micro-organisims has 
been found in chalazion, the most frequent being the xerosis bacillus. 
None, however, has been accepted as causative. 

Small retention tumors containing fat and infiltrated with 
cholesterhi and sometimes lime develop as the result of retention of the 
secretion of the Meibomian glands. When these retention tumors cause 
inflammation of adjacent structures, so-called chalazion acutum — a cir- 
cumscribed purulent inflammation — ^may develop. 

Xanthelasma palpebrarum, or fibroma lipomatodcs (Virchow), is a 
flat, elevated, yellowish growth which forms upon the extemal surface 
of the lid in elderly persons. It develops as the result of proliferatiem 
of the connective tissue and subsequent fatty metamorphosis.^ 

Papillomata are frequent upon the lids, especially in old age. 
When very hard, they may form horns: cornu cutaneum. 

Fibromata occur upon the lids as soft, vascular growths. Cases 
reported as myxomata probably were edematous fibromata. The small, 
pearly white sebaceous tumors, known as m i 1 i u m , are very frequent on 
the lids. The ordinary sebaceous cysts of the skin occur here as in 
other parts. True retention cysts of the Meibomian glands have 
seldom been observed. In addition to the small cysts of« Moll’s gl||tnds 
already described, Waldeyer has reported a case in which these gbnds 
were the seat of a papillary cysta<ienoma. 

Adenonuita have been reported as having developed in all the 
glands connected with thg eyelid. Adenoma of a Meibomian gl^nd may 
attain the size of a hen-egg (Pause). • 

' ' ■ ■ ' ■» 

^ From the fact that the nuclei of the fat-cells found in xanthelasma Win 
it is inferred that the fat is an infiltration rather than a dcgl^neration. ‘ « 
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The congenital tumors — nevi, dermoids, etc. — may be found 
in the lid& Among other growths occurring here may be mentioned 
1 y m p h o m;a , lymphangioma, and hemangioma. 

Malignant tumors are not uncommon upon the lids. Carcinoma 
of the skin in this region may present the features of either squa- 
mous-celled epithelioma or rodent ulcer, more frequently the 
latter. Adenocarcinoma may develop in any of the glands con- 
necftd with the Ijds, particularly the glands of Krause and the Meibomian 
glands. . Sa^com^ of the lids is uncommon; nevertheless, all varieties 
of this neoplasni, including the e n d o t h e 1 i o m a t a , may occur. They 
may originate from any of the connective-tissue parts, and also from 
nevi. Extension of the growth from contiguous parts is more common 
than primary sarcoma of the lid. 

Molluscum contagiosum is common on the lids. When it occurs in 
children's asylums, a large proportion of the inmates usually are affected. 
The microscopic appearance is striking and cliaracteristic, consisting of 
w<;dge-shaped lobules sct)arated by fibrous septa. The lobules consist of 
an outer layer of columnar epithelium and inner layers of rounded epi- 
thelium in various stages of the peculiar degenerative process which 
characterizes llhise tumors, the rc'iult being the formation of rounded, 
homogeneous masses : molluscum bodies. The character of the 
degeneration is doubtful. The material resembles keratin (white) more 
than hyaloid or colloitl matter. The degeneration occurs in the prickle 
cells of the rete mucosa. The disease appears to be contagious; never- 
theless, nonspecific organism has been demonstrated. (See p. 950.) 

Ringworm and favus occ<esionally appe&r in this locality. Bleph- 
aritis may be caused by the presence in the hair-follicles of the Demodex 
folliculorum. 

Lice are sometimes found among the cilia {Plithiriasis palpe- 
brarum), ’^he parasite is nearly always the crab-louse {Fcdictilus 
pubis) f very rarely the head-louse {Pedicidus capitis). 

Canities, or bleaching of the cilia, may take place in leucoderma 
and sympathetic ophthalmia. 

Syphilis 6t the lids may appear as the initial lesion or in the ter- 
tiagr form. .Chancre, which occurs at the ciliary margin, probably 
always originates in the conjunctiva. In the tertiary form — tarsitis 
syphilitica — the lid is greatly enlarged, Microscopicly, the vessels are 
highly degenerated and the tarsal tissue replaced by round-celled deposits 
rhembling granulation tissuo. Fragmentation of nuclei is pronounced. 
The connective tissue which forms readily undergoes hyaloid and cal- 
careous degeneration. t 
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Anatomicly considered, the organs of hearing are divisible into three portions': 
the external, miclille, and internal ear. The latter portion comprises the diem- 
branous labyrinth, inclusive of the surrounding bones; the middle p^^ttion includes 
the tympanic cavity, the air-containing spaces of the mastoid process, and • the 
Eustachian tube; the external portion includes the drum membrane (tympanum), 
the external auditory canal (meatus), and the auricle. 


THE EXTERNAL EAR. 

The auricle consists in great part of elastic cartilage, and, like 
the external auditory canal, is lined with skin. The pathologic ^ 
changes involve most frequently the skin,^ seldom the pericho.n- 
d r i u m2 and the cartilage itself. Therefore, in order to avoid 
repetition, previous chapters in which the changes observed in these tis- 
sues are discussed may be referred to. ' 

Among the tumors of the auricle are to be mentioned, first of all, 
othematoma'"^ and fibroma. The latter not infrequently develops 
from the cicatricial tissue formed as a result of piercing the lobe of the 
ear (for earrings). 

The tympanum is formed of a dense, fibrous membrang, which is 
composed of two layers: in external Isfyer, in which the fibrous tissue 
has a radiate arrangement (directed from the tendinous ring toward the 
handle [manubrium] of the malleus), and an external layer, in which 
the fibers have a circular arrangement. This fibrous membrane on the 
external surface — i,e*, that portion directed toward the external auditory 
canal — is covered with cutis (but without papillae) and epidermis; on the 
internal surface it is covered with a very thin layer of mucous mem- 
brane and a single layer of squamous epithelium. 

As a rule, the pathologic alterations of the drum membrane are sec- 
ondary in nature, i.c., they follow eitlier changes of the external auditpry 
canal or affections of the middle ear. Independent primary affections 
are almost exclusively referable to trauma; primary inflammation of 

iTbe most frequent alterations are eczema, erysipelas, lurundea, and 
l^legmons. With few exceptions, all furuncles aft: situated at the entrance of the 
meatus. , 

» Perichondritis of the auricle develops as a result of trauma, in contieetioa 
with cutaneous affections, etc. * 

« See p, 213. ^ 

( 1088 ) . ' 
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1^0^^ mjrri*ngi tis,i from other causes (usually a ‘‘cold'* is 

a^rti^ as a caufe) is rarely observed 

AH of the external auditory canals in which the external 

'sur&ce of the membrane is always more or less involved in the 

sa|rife .manner,, ar^ designated tersely as external otitis. In general, 
these processes may be classed with cutaneous affections. Therefore, 
oply those conditions will be briefly referred to here which develop in 
comipction with foreign bodies which have entered or been forced into 
the external ^auXlftory canal and are generally classed with the trau- 
matic form of external otitis, ^ and those in which fungous accumu- 
lations*** are mef in the external auditory canal : otitis externa mycotica. 
According to the course are distinguislied an acute and a chronic 
form. Recurrent chronic inflammations kept up by fungous accumula- 
tions usually are accompanied by marked degeneration of the epithelium : 
desquaimat i ve catarrh, “keratosis.** In other cases there 
is more or less profuse exudation: otorrhea,** which is some- 
times watery, sometimes purulent, in character. The skin of the external 
auditory meatus itself is swollen, infiltrated with numerous young round 
cells; as a rule, the epithelium is preserved, hut it may be thrown off in 
part or even expensively, resulting in excoriations. 

This should not be confused with the deeper purulent inflammations, 
which, if they are circumscribed, form a furuncle, and when diffuse 
possess a more phlegmonous character. The furuncles orig- 
inate most frequently from purulent inflammation of a hair- follicle. 

Since the membranous covering lies close to the bone, and also takes 
the place cflf the periosteum, the, deeper purulent affections occurring in 
the bony portion of the external auditory canal are periostitic 
proe^esses which, on destruction of the periosteum, lead to bone 
necrosis. If the upper wall of the bony canal is altered in this man- 
ner, the progsss may extend to the dura mater. 

In consequence of frequent recidives of external otitis (especially 
the furunculous form) and after chronic eczema of the auricle, the skin 
pf the external cartilaginous portion is more and more thickened, so 
that a more c\r less pronounced narrowing (stenosis) of the 
auditory canal or of the meatus occurs. On contact and adhesion 
of apposed exicoriated or ulcerated surfaces, complete occlusion 
develop. In involvement of the periosteum, bony 

1 ass membrane. 

Trauma may be due to a j)uncture, shot, gash; in intense traction on the 
aurieib^ deep lacerations in the external auditory canal are sometimes observed. 

■.- / ^ A^ergUkis* fumigatus, niger, and flavescens; Mneor coryntbifer, septati^; 
PmMOflim minimum, Oidium albican^ and others. 

. A Compare otorrhea after otitis media. 

• ss 



1096 THE ^TERN AL EAR. 

nafrovirihg or occlusion, instead of * connective-tissue stenosis or 
atresia, niay occur as a result of progressive ossifying periostitis. Th^ 
external auditory canal may be more or less narrowed also by c i c a.- 
tricial formation following trauma, by polypous prolif- 
eration of the soft parts of the external auditory canal, apd by 
exostoses of the bony portion. Narrowing is rarely observed as a 
congenital malady — then usually in addition to other malformations. 

Polypi of the external auditory canal usually develop in coi;>nec- 
tion with chronic otorrhea. In contradistinction to polypi the middle 
ear, they are always covered with squamous epithelium. . , 

In acute, purulent processes in the externarl auditory canal 
and in the middle ear, ulcerations of the tympanum (wyn«- 
gitis ulcerosa) y which generally result in p e r f o rat 1 on , develop with 
extraordinary frequency. If an external otitis was originally present, 
the inflammatory process, after perforation, generally exten(»*s to the 
middle ear; on the other hand, if a purulent inflammation <>f the middle 
ear was the primary affection, the drum membrane formed no sharp line 
of demarkation even before perforation ; on the contrary, th.e deeper ^.>r- 
tions of the soft parts of the external auditory canal are usually quite 
early involved in the process. , 

The ulcerative perforations of the tynifianic membrane, 
which may be very variable in extent, are generally characterized, like 
pure traumatic perforations, by a marked tendency to heal, the tym- 
panic membrane being extraordinarily capable of regeneration. 
Distinctly visible scars usually remain; cicatrization is subsequently un- 
recognizable by the naked f*yc only when^the j)erf oration was ifisignificant. 
Traumatic perforations consisi of rents (fissures), which 
frequently run parallel with the handle of the malleus. They develop in 
fracture of the skull (especially at the base), on blow uixin the ear with 
the fist or flat of the hand, as a result of explosions, in whopping-cough, 
through the action of foreign bodies (sounds, penholders, knitting- 
needles, etc.). Here, as a rule, a small extravasation of blood 
occurs, which, after a time, is absorbed; rarely, fracture of the 
manubrium is observed. 

In chronic processes in the external auditory canal and in the mid- 
dle ear, thickening of the tympanic membrane is observed '*as a result of 
proliferation: chronic proliferative myringitis. In^this 
case the external surface is dull and hazy. In the course of this chronic 
tny ripgitis partial resolution through fatty metamorphosis, apd 
not infrequently also calcification, occur.^ True ossiftcation is 6{ 
vflsty rare occurrence. 

. ^ - Tt — if 

1 Partial calcifications are found also within the cicatricial tissue after ulccra- 
.tlon and traumatic perforation. * „ 
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l%ijitimg of the tynipanic membrane as a result of atrophy is 
a rare phenomenon, which is due either to accumulation of exudate in 
the middle ear gr to shortening of the tendomof the tensor tympani muscle 
and the abnprmal tension of the tympanic membrane .thus caused. In the 
first •ca^e the tympaaic membrane bulges outward; in the second case 
there is abnormal retraction. Partial thinning of the tynipanic mem- 
brane is more frequently observed ; it is due to scar formation after ulcer- 
ation a#id perforation, and creates a certain disposition to rupture. 

Thus far,#^u berculous and gummatous processes (myringitis 
tuberculosa, gummosa] have very rarely been observed in the tympanic 
membrane itself. 

Of the tumors of the external ear, the small polypi of the external 
auditory canal .have already been discussed. Still to be mentioned are 
telangiectases (angioma simplex) and ei)ithelioma of the external ear, 
which are tflmqrs of more frequent occurrence.^ 

• * THE MIDDLE EAR. 

# 

As in other mucous surfaces covered with cylindric epithelium, in- 
flammations of the mucous membrane of the middle 
ear are associated ^vith catarrh, namely, the secretion of a liquid exudate, 
which in the mild cases is thin, more watery or mucoid, and in severe 
cases purulent or sanguinopurulent, in character. The milder inflamma- 
tions generally develop in connection with catarrhal affections of the naso- 
pharynx and arc observed with great frequency in very small children 
during the year of life. In many cases the change may be traced 
through the Eustachian tube into the middle car. •This form of inflamma- 
tion, which either disapi)ears after a short lime (without serious results) 
or creates a certain disposition to recidives, is generally designated as 
‘‘simple, acute catarrh of the middle car (otitis media 
catarrhalifi sim/plcx).^^ 

' In contrast to this form stands the far more important purulent form 
called purulent otitis media, or, tersely : otitis media. This 
is the most important affection of the whole auditory organ, in so far as 
it not only occurs^very frequently, but also causes severe disturbances of 
the middle ear |nd the neighboring parts, and not infrequently results 
in dea^ by extension to the meninges and the brain. The mucous mem- 
brane of the middle ear is intensely swollen, dark red, and more or less 
covered with pus. Th<j mastoid cells, which freely communicate with the 
tyih^nic cavity and have the saw mucous membrane lining as the latter, 
are almost always,invoIved in the changes in the same manner as the tym- 
panjo cavity. • 

— I| 1 iiltp>. n i | .i # ,i , iiii ^ 

^ ! VOtheitiatOfna,«p. 213; osteoma, p. 235. 
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Purulent inflammation of the middle ear mdy occur a$ an independent 
%fFection. As a rule, however, it is the result of extension from the nose, 
nasopharynx, or oral cavity, and may follow almost all acute and subacute 
(seldom chronic) processes of these surfaces. It occurs very fre<iuently 
in small cliildren, and is a very frequent manifestation in measles. . 

The sequete of chronic, recurrent, simple and acute, purulent inflam- 
mations of the middle ear are very variable ; almost all produce more or 
less decided interference of function. 

In the pumlent form, perforation of the fyn\panic mem- 
brane occurs early in most cases (not in all) as** a result of ulcera- 
tion advancing from within outward. Perforation * is sometimes pre- 
vented by thickening of the drum membrane as a result of antecedent 
chronic inflammation, which renders it more resistant In many cases 
perforation is followed by spontaneous healing at the point of perforation, 
the purulent catarrh disappearing after discharge of the exudate. In 
other cases regeneration does not occur, because the perforation is too 
large, or parts of the perforated drum membrane are agglutinated alid 
adherent to the labyrinth wall, or the long limb of the incus, or the hea<l 
of the stapes, etc. The remaining portions of the tympanic membrane 
then usually became thickened and sometimes also calq’fied. Suppuration 
may cease or continue with open perforation; in the latter case there is a 
permanent purulent discharge from the ear: chronic purulent 
otitis media with otorrhea. If the suppuration ceases in non- 
healed perforation, frequ^*nt recidives usually occur, since new noxae easil) 
enter the middle ear from without through the external auditory canal. 

In chronic purulent and recurrent simple otitis media, small, polypous 
excrescences covered with cylindric or ciliated epithelium: otitis mrdui 
chronica proHfera polvfosa, sometimes develop as a result of hyperplasia 
of the mucous membrane. If the swelling of the mucous membrane 
very intense and the apposed surfaces are in contact, firn?, flat or band- 
like adhesions tmy occur: otitis media adhwsiva. In the flat adhesions, 
which are observed chiefly in the course of purulent otitis media, small 
cysts {otitis media adkeesiva cystica) frequently develop in the form 
of Assures and spaces, since small areas between thci apposed and atb 
herent surfaces do not take part in the adhesion. These cysts are lined 
with cylindric or ciliated epithelium. The adhesions may cause firm (im 
movable) fixation of the auditory ossicles : a n k y 1 o s i s * as well is false 
position : luxation. The same influence is exerted upon the ossicle*^ 
by another sequela of recurrent (chronic) simple catarrh of the middle 
esar, namily, so-called*'' sclerosis*' of otologists. This consists h 
^“ipradttal, progressive shrinkage of the mucous membrane, an interstitial 
indurative process (otitis mdia chronica induratim, sctiratica). * 
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' Tbis^ form of chronic otitis media is often followed by changes in the 
bone, leadings as a result of chronicperiostitis, to the formation, 
of ‘hyperostoses and less frequently to very small exostoses. 
The point pf predilection of these changes is the region of the window ; 
the of the fenestra are thus narrowed, and the base of the stapes 
is firmly fixed: stapes ankylosis. This process is usually a true 
synostosis, seldomer a calcareous deposition in the annular ligament 
or a pfoliferation of the cartilaginous covering. 

In inflamfl^ation of the tympanic mucous membrane the Eustachian 
tube is alriiost always*involved, at least in its bony j)ortion. The mucous 
membrane is swollen, the cells are increased in number, and a catarrhal 
exudafe is secreted. In the same manner, though by far more frequently, 
the tube is affected in connection with acute catarrhal affections of the 
"nasopharynx. In most cases the exudate is mucous, seldom purulent or 
fibrinous ("in variola, scarlatina, diphtheria, etc.), in character. Every 
swelling of th^ tul)al mucous membrane, as well as every adhesive exudate, 
ptoduces narrowing or complete occlusion of the tube. The 
ostium pharyngeum tubcc is very frequently narrowed also by hyperplasia 
of the tonsils and of the other follicles in the mucous menibrane of the 
nasopharjmx. APithese narrowings act injuriously upon the middle ear by 
hindering the circulation of air through the tube, thus leading to varia- 
tions in pressure in the tympanic cavity, which may give rise to further 
disturbances (hyperemia, etc.). On the other hand, catarrhal affections 
of the tube are favored and supported also by narrowings of the tube. 

Diphtheria of the tube is a rare manifestation, and always follows 
a like change in the nasopharynx. S p c c i f i«c i n f 1 a m m a t i n s — 
gummous, tuberculous, variolous, etc. — are observed at the 
ostium pharyngeum iub<c (rarer in the course of the tube) without the 
middle ear always being involved. In healing after ulcerations dila- 
tion as welk as narrowing or occlusion of the ostium pharyn- 
geum may develop as the result of retraction due to cicatrization. The 
same changes have been observed also in consequence of shrinkage after 
hyperplasia of the follicular apparatus. In rare cases annular strictures 
in syphilis) have been observed wdthin the tube. 

in chronic suppuration of the middle car with perforation of the drum, when 
the d^bcharge is not arrested by appropriate treatment, tuberculosis should be 
suig»e<Seii. 

Tht patliologic changes of the bony parts have in part already 
becit mentioned. In general, tljey belong with the processes described in 
th <5 on bones, to which reference may be made. However, 

must be called to certaiiv changes, because they are of especial 
importance. H^re belong exostoles of the external auditory 
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can ah These are due to irritative disturbance of the normal develop* 
ment of bone and originate by excessive proliferation in Ippalities which 
advance to ossification. They are flat, rarely pedunculated, mostly flat- 
rounded upon the surface, generally ivory-hard, rarely' sppngy. The 
point of predilection is the posterior walls, where the bony part the 
external auditory canal joins the cartilaginous portion. They develop very 
gradually, arc rare in youth, occurring mostly in advanced age, and often 
upon both sides. Sometimes they are hereditary. Virchow has<drawn 
attention to the frequent occurrence of these exosidse^Jn the ancient 
Peruvians. ^ 

In purulent processes of the middle ear after nteasles, scarlatina, 
diphtheria, typhoid, scrofula, tuberculosis, diabetes, etc., especially in the 
chronic form, caries, rarer necrosis of the bony parts, often devel- 
ops, chiefly of the auditory ossicles (handle of the malleus, heacf 
of the malleus and incus, rarer of the base of the stapes) ; wext of the 
mastoid cells and of the spongy substance of the mastoid 
process, of the posterior upper auricular wall, and Of 
the tegmentum tympani. b'irm, compact bony parts, c.g., of the labyrinth, 
usually break down, or, what is more frequently observed, sequestrate 
in toto only in chronic suppuration. All carious procej^ses in the ear are 
characterized by their great tendency to putrid decomposition; 
they do not CKcur until tlie mucous membrane of the tympanic cavity — 
the deeper layers of which also form the periosteum — is destroyed by 
deep, purulent, ulcerative processes and the bone, therefore, is laid bare. 

In a comparatively large percentage of those cases in which tlie mas- 
toid cells are involved in the caries, ^concentricly arrangec^ lamellae of 
hornified epidermis cells are found within them, regarding the origin and 
significance of which opinions are greatly at variance. Virchow is of 
the opinion that these lamellated epidermis cells in the mastoid cells 
always belong to a margaritoma (see p. 281 ), and that c a e $ of the 
mastoid process is due to the growth of this tumor, and, therefore, is 
a secondary phenomenon. In opposition to Virchow a number of otolo- 
gists (von Troltsch and others) believe that the hornified epidermis cells 
originate by metaplasia from the cylindric epithelial cells which are pres- 
ent, these being transformed into flat epithelial cells under the action — 
pressure— of the purulent exudate. Others (Haberinann, PoHtzei^, Be- 
zold, and others) are of the opinion that, after perforation of the 'drum 
membrane, the epidermis of the external auditory canal grows into the 
tympanic cavity and further in the mastoid cells, and the desquamated 
hornified cells remain there and accumulate. 

In suppuration and caries of the tympanic cavity and mastoid proc- 
ess, destruction may be so extensive tfiat rupture extemaHy or intei^lly 
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occurs. Perforation externally occurs either at the external 
surface of .the niastoid process or in the region of the fissura mastoidca 
fjirer at the apex or on the inner surface of the mastoid proc- 
ess.^ Perforation internally may occur in two localities: either 
iu tlye region of tiie middle cranial fossa, at the anterior superior, or in 
the region of the posterior cranial fossa, at the posterior superior surface 
af the petrous portion of the temporal bone. In the first case either 
puaulent or putrid arachnitis or abscess of the temporal 
lobe results; ih*the second case either purulent or putrid throm- 
bo'phlebitis of tlie transverse sinus or cerebellar abscess de- 
velops. In molt cases the dura manifests only very slight alterations (in- 
considerable thickening, slight deviation in color, little exudate) ; in very 
rare cases a. purulent inflammation of the external, periosteal surface of 
the dura — so-called extradural abscess — develops. 

Meningitis following suppurative otitis is generally due to the Diplococcus 
inirqcellularis and pncumotiuc and the Streptococcus pyotjcncs and mucosus. Mixed 
• infection occurs in about 20 per cent. The inflammation is more or less diffuse, the 
exfidate rarely, if ever, being limited to the convexity; in a few cases it occupies the 
base exclusively, and k often is found uniformly distributed over the base and 
locally on the convexity. The process affects both the brain and spinal cord, 
inflitration of the*pial spaces being particularly abundant in the sulci, especially in 
the region of the causative focus. While the exudate may be serous or sero- 
fibrinous, in the majority of cases it is serofibrinopurulent with large numbers of 
polymorphonuclear leucocytes and a limited number of macrophages. 

Haymann*** reports the anatomic findings in experimentally produced acute 
suppurative otitis media, embodying 73 experiments upon 14 animals (guinea- 
pigs). infectious materials employed w’crc the various pyogenic agents: 

stai^hylococci, streptococci, diplococ^ii, diphtheria aiffd pyocyaneus bacilli, and, for 
purpose of definite comimrison, a series of other bacteria. The experimeats gave 
an abundance of noteworthy findings of which several are emphasized, accom- 
panied by corresponding microscopic preparations. 

The inflammatory process sometimes spread irregularly: in addition to se- 
verely alter A, intact or almost unaltered areas of mucosa were fouiul. In rela- 
tively similar, almost identic, middle-car inflammations the tympanum may present 
entirely different appearances: in relatively slight inieldle-ear alterations it may be 
markedly altered — thickened — and in severe processes present sliglit alterations, 
even wlicn rup4ire into the labyrinth coexists. In the experiment animals large 
tympanic perforations, which otherwise occur only in definite middle-ear suppura- 
tions, were obierved, and also marginal perforations. Involvement of the ossicles 
in gffectiou of the mucosa covering them was manifest, particularly in the new 
formation of bone, which finally led to fixation to the adjacent bony margins by 
new- formed osseous npdes. 

t Disintegration of bone at the cell walls occurred chiefly under the form of 
softening by resorbing connective tissue. This wjw the case also in large per- 
— • 

> GraSrhation or congestive absc^s in the neck sometimes follows. 

* »DN!r Kinderarzt, ^t., 1911, la 196. 
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forations which permitted outflow of pus* In *tho8e caused by Streptac^ctus 
mucosHS peculiar osseous destructive processes were observed. In a number of 
cases rupture occurred into the labyrinth through both windows, But especially 
through tile round window* In the labyrinth the most varied stadia bi the tnflam*> 
matory processes were found* States from the initial stage up to complete 
of the interior of the labyrinth with bone and connective timue were observed. 
There were great differences in regard to locality and time distribution of the inflam- 
matory process in the labyrinth. ^ 

For extension of the inflammatory process from the labyrinth to the menipges 
are to be considered especially the acoustic, then both aqueducts^ ,In marked puru- 
lent labyrinthine alterations the aquseductus cochleae is oftei\ found lee,, probably 
because adhesions formed early. In one case a typic saccus empyema was observed, 
which, owing to its purity, is possibly of especial importance for tHc whole question. 
Definite differences could be noted also in the anatomic picture of the different 
media produced by various exciters. 

In advanced age carious processes of the petrous portion of the tem- 
poral bone are often favored by osteoporous, progressive njarr6w-space 
formation of the compact bone. 

In chronic processes of the periosteum, especially also in the course * 
of chronic otitis media, progressive sclerosis of the mastoid process some- 
times occurs. 


THE INTERNAL EAR. 

As there are but few exhaustive and reliable observations upon the 
changes occurring in the internal ear, it is difficult to offer a satisfactory 
de.scription of the pathologic processes. The best observations are upon 
hemorrhages into the internal ear^ (ecchymoses and Isjrjge blood 
extravasates) in trauma (with and without fracture or fissure of the 
osseous parts) ; in acute infectious diseases, leukemia, pernicious anemia, 
etc., 2 and upon the secondary inflammatory processes 
occurring in connection with meningitis, otitis media, diphtheria, measles, 
mumps, and the pyemic processes (e,g., osteomyelitis). Only rare and, 
as it appears, not wholly unassailable cases has a primary otitis interna 
been said to exist. 

Meningitic processes appear to extend in the course of the acoustic 
nerve and through the aquceductus cochlea into the labyrintli. 

The alterations of the internal ear which thus far haye accurately 
been observed consist in suppuration: purulent exudate (fll- 

t Experimentally produced in dogs and rabbits by large doses of qUitime afld 
salicylic acid. 

» A hemorrhagic exudate in the vestibule and the semicircular canals (with- 
further changes) was firsts observed by M6ni^re in a yoting girl who, after a 
severe cold contracted during menstruation, under sym^nrs of dtsatness ana 
votnirifig, suddenly became deaf and died on the flftti oky (Meniere’s symp* . 
toin-tompicx). ' ; 
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ing of the spaces and canals with pus), purulent destruction of 
the soft parts*, and caries and necrosis of the osseous parts 
(the cochlea,\etc.), already mentioned. In chronic course of otitis 
interna, n<5w connective-tissue masses, adhesions, osteophytes, and’hyper- 
ostps^sw (of the cochlea and semicircular canals), and atrophy of the 
nerves develop. The latter change (atrophy of the nerves) has been 
ob^rved also in acute inflammations and in tabes dorsalis^ 

dfrunberg* foijn^ S/firocfketa pallida in sections of the petrous bone in a fetus 
of 7 months. •'She spirochaetae were present in enormous numbers in the trunk of 
the c^chlearis and vestibule, in the facialis, in the nerve trunks of the tympanic 
plexus in the tympanic cavity, in the internal carotid plexus, etc.; also in the wall 
or neighborhood of the vascular branches of the middle ear and in the medulla 
of the o.ssicles. On the other hand, there were no spiroch^tje in the region of the 
^vessels and nerVe-endings of the internal car, nor in the labyrinthine cavities. 


1 Der ICinderarzt, xxii, H. 9, 1911, p. 195. 
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Abdomen, atr in, 786: clefts of, 198: mai- 

▼ formations of, 187. 188, 189, 198. 199 ; dropsy 
At, 464. 780, 779; parasites of, 786; tumors 
of, 786. , 

Abdominal pD^nancy, 895, 896. 

Abnormal podlnon of In^tine, 206, 769. 

AboptlOB. 893, 894. 

Abrachlus, 188. 

Abra&tons, 949. 

Abrln poisoning, 316. 

Abrus precatorius poisoning, 816. 

Abscess, 173, 181, 719; bone, 926; burrowing, 
178; cerebellar, li096; cerebral, 436, 500, 
601, 699, 1096; cold. 447; congestion. 173, 
479; corneal. 981, 984, 99.3; corporis caver- 
nosi, 876; Duliois's, 700; embolic, 729; 
oncapslilatcd, 181; extradural, 109.3; fol- 
licular, 7M; gravitation, 173. 479, 480; 
bepatic, m. 181, 601, 795* 798. 799. 806; of 
rung, 181. 601. 542, 719. 729, 735; laotastatie, 
02. 93. 181. 719. 729 : muscle, 501, 9:16; myo- 
• cardial, 181, 501, 634; orbital, 1074; pre- 
vertebrai, 479; pulmonary, 181, 501, 542, 
719, 729, 7il5; renal, 181, 827. 828; retro- 
bulbar. 1074, 1077; retropharyngeal, 758; 
retrotracheal, 716; ring, of cornea. 993; 
scleral, 104: testicular, 868; thymus, 7t)0; 
tonsillar. 7B7; vitreous, 1013. 

Absceasus vasorum, 651. 652. 

Absorption, 104, 118; of fat, 118; of nutrl- 
monts, 3, 104. 

Acanthia lectularia, 352. 

Aoardlacus, 186. 

Acarina, 352. 

Ararus foil icu lor um, 352. 3.53 

Aocidens, 6. 

Accominoddtiou, act of, in2sS. 

Accphalus, ItT. 

Acetabulum, atrophy of. after luxation, pO. 

Acetic acid poisoning. 318. 

Acetoacetic arid. 343. 

Acetonemia, 343. 

Aoetoiiurla. 843. 

Acbelia, 188. 

Acbolla. 753. 804. 

Achorion scndnlolnii, 418. 

AchrodeystosifL 814. 

Acid, acetic, 3lR; acetoacetic, 343; arseninus, 
bomorrhage from, 60, 328; carbolic, poi- 
soning by, 319; carbonic, poisoning by. 
814; dlacetlc, 843; fatly, eryatals of. 129; 
holvollic, poisoning by. 315, 336; hydro- 
chloric, poisoning by, 318; oxalic, poison- 
ing by, 819; prussic, poisoning by, 814; 
Buectnlc, in «%hlDococciis cyst, 385; sul- 
pburic, poisoning by, 818; uric, infarcts 
Of, 846; valerianic, In gangrene, 126. 

Actf Intoxicatio*, 699. 

Aeldopbile cells, 779. 

Acllosts, 340. 


Acids, biliary, 13S. 
Acne, 884. 9^: of < 


! cervix uteri, 884; Indurata, 

rosacea, 945. 

Acotrtte poisoning, 332. 

Acnnntts, ij87. . 

Aoraaia, 187. 

AMni^ly, 801, 1064: optio neuritis In, 1054. 
Asmiomy^s, 428, 483, 981. 

ASimy hypertrophy, Ito. ^ 

AMpthtton, of tissue, 108. 

» AddisonisA anspilb, 678. 


Addison's disease, 131, 137, 344, 478, 621, 942, 
Adenocarcrinoma, 284. 307, 775; gastric, 775; 
Intestinal, 775; mammary, 295; uterine, 
297, 298, 897 (see also Carcinoma). 

Adenoma, 307, 776, 972; conjunctival, 972; des- 
truens, 307; gastric, 775; intestinal, 775; 
mammary, 218, 221, 222. 

Adenosareoma, 251. 

Adermia, 387. 

Adhesions, 162, 180; tubercle In, 466. 
pericardial, 18u. 465, 624. • 

peritoneal, 180, 462. 
pleuritic, 180. 465, 735. 

Adipose tissue, brown atrophy of, 314; hyper- 
trophy of. 107, 111. 

Adipositas, 107, 1.56 
AdolesceiitB, nephritis In, 824. 

Adrenals, hyperplasia of, 619; structure of, 
619. 

Adrenalin, 345. 619. 

Aerobes, 426; facultative, 426. 

Affluxus, 54, 120; in menstruation, 39, 67. 
Agaricus muscarius poisoning. 315. .33.5, 336. 
Agehylosloma duodenale, 60, 367, 864. 
Agglutination, 21, 517. 

Agglutinins, 25. 

Agglutinopbore, 26. 

Aggressina, 31, 175. 

Aglossia, 188. 

Agnatbia, 187. 

Air, anastasis of, 52: embolism. 84; In ab- 
domen, 786: In blood, 84, 685. 

Akamuabi mite, 354, 

.Albinism, 131. 

Albu. 401. 

Albumin, in dropslc fluids, 95, 96. 

Albuminuria. 45, 98. 825, 826; cyclic, 825. 826; 
lordotic, K26: ortho8tati<*. 825, 826; physio- 
logic, Si2.5; transitory, 825. 

Alcohol poisoning. 332. 

Alcoholic fenwntation, 423. 

Alcoholism. 3:52, 796 
Aleukemic myelosis, 252. 

Alexins. 20. 

Alkali albuminates, 151. 

Alkaiios, cautcrizatio'i from, 127. 316. 
Alkaloids, cadaveric, 338; vegetable, 

Allergln. 322. 

Allergy, 322. 

Alopecia, 419, 952: senile, 952. 

Alpine scurvy, 576. 

.Alterations, quantitative, 4. 

Alveolar cndoibelloma, 304. 
exostosis, 2:58. 
sarcoma. 247 , 971. 

Amanita bulbosa, poisoning by, .3:56. 
c«!saroa, 3.35. 
muscarla. 3:iS. 
phalloldes, SIS, 336. 

Amaurosis, 91, 1066. 

Amaurotic family idiocy, 1066. 

Amboceptor, 22, 321. 

Amelus, 188. 

Amenorrhea, epistaxls In, 61. 

American typhus, 586. 

Amitosla, 402. 

Ammonia, formation of, in moist gangrene, 
125; poisoning by, 319. 340. 

Ammonemta, 340. 

Amnion, adhesion x>f, 186, 197. 

Ammba ooli, 392; dysenterim, 393. 529; his- 
tolytica, 393. 

( 1099 ) 
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AnorpliUB, 1116. 

AduHiactti, 166. 

Ampliigcmy^ 401. 404, 405. 

tioiiiiiiiB, !m. 

^llus, 905. 

961, 618. 

Amyelia. i^. 

Amyadalltls, 956, 757; apostematota, 758; 
nprlnouB, 756; fibrous, 758; gangrenous, 
757; interstitial, 757; parenchymatous, 
757; phlegmonous, 757. 

Amyl nitrate poisoning, 315. 

Amyloid degeneration, 37, 46, 49, 75. 144, 645, 
^7; of blo^-vessels, 657; of Intestine, 
776; of kidneys, 84S; of lixer, 799; of 
lymph-glands, 697; conjunctival, 146, 968; 
in ecchondroses, 229; in tumors, 146; of 
pancreas, 811; reaction. 144. 14$; of 

spleen, 6S3; of suprarenale, 620. 

Amyotrophic lateral scleroais, 606. 

Anaerobes, 426; facultative, 426. 

Anal fistula, 766. 

Anaphylsdoxin, 322, 324, 

Anaphylaxia, 32, 322, 324. 942, 1082; antitoxin. 
324; echinococcus, 324; eoainophilia in, 
664; familial, 322; inherited, 3^; passive. 
322. 

Anaplasia, 106, 

Anasarca, 96, 780, 946. 

Anastaais, 52, 84. 

Anastomosis, terminal, 87. 

Anchylostomum duodenale, 367. 

Anemia, 46; acute, 47, 68; Addisonian, 678; 
aplastic, 680; arterial, 50; atrophy from. 
51, 113; brlekmakers*. 367; cerebral, 608; 
cbronlct 47, €9, 684; Egyptian, 367; 

essential, 678; gangrene from, 124; gen- 
eral, 47; in atelectasis, 704; local, 47, 
86; local, in embolism, 86; miners’, 367; 
organic, 46; passive, 47; pernicious, 48, 
679; pseudoleukcmlc, 673; spastic, 46, 
49; simple primary, 677; simple second- 
ary, 678; splenic, 673, 680; tonic, 46; 
trophic, 367; tunnel, 367; venous, 50 (see 
also Ischemia). 

Anencephalla, 188, 621. 

Anesthesia. 333; from embolism, 92. 

Anesthetics, poisoning from, 333. 

Aneurisms. 84. 59. 79, 553, 596, 608, 633, 646, 
663, 657, 658, 669; arachnoidal, 596; arte- 
rlovenosum, 267; cardiac, 633.e646; ca- 
rotid, 1083; cirsoid, 268; dessecting, 59. 
653, ^9; cerebral, m, 608; embolic, 92; 
formation of. 34, 92; miliary, of brain. 
696, 608; per anastomosin, 267, 659; 

racemose, 268; sinus Valsalvm, 649; ser- 
pentine. 268; spurium. 267, 6^; throm- 
bosis In, 75, 77, 78, 79, 633, 646; valvular, 
6&. 

Angina, 523, 525; catarrhal, 255, 757; diph- 
theritic, 128, 523; gangrenous, 523; lacu- 
nar, 757; Ludwig’s, 813; malignant, 523; 
putrid, 523; scorbutic, 523; scrofulous, 
448; spirocbetobscillary, 629; tonsillar, 
757; uleeromembranous, 529; Vincent's, 
689, 673. 

Angioma, 262, 263; anastomotlcum, 267; au- 
ricular, 263; bttceaL 263; cavernous, 262; 
cerebral, 266; conjunctiva], 871; enta- 
neons, 263; false, 267; diffuse, 263; ex- 
ternal, 263; fissural, of face, 263; glaitd- 
ttlar, 264: hepatic, 800; Internal, 26^ 600; 
iris, lOM; Istfial, 266; lipogenous, 262; 
muscular, 264; of central nervous syeteiki, 
266; osseone* 264; palpebral, 268; phle- 
boffefiimi. 264; racemose, 267; retro- 
surioulsr, 163; simplex, 264; spuria, 267; 
stf^tanms; 263; telaugiecISUc, 264; 
ysrlsose, 24. 

A^ifftofibfWa, tm. 

A. 257, A 
^ nl, 266, 364.^ , 

Utmttpfi, ot SfU, 1617, 1617, 1046, 


Angulllttla tntestlttaUs, 370. 

Anhydremia, 683. , 

Aniline poisoning, 815. 

Animal paraeltss, 348. ’ 

Aniridia, 1627. 

Anisocorla, 1016. * 

Anlsocytosie,^ 675, 

Anisobyperleucocytosis, 666, 
Anlsobypoleucooytosis, 

Ankylosis, 165, 106. IM, 480, 983; atrophy ot 
muscles in, 105, 113, 166; bony, 993; of 
aural ossicles, 1093; cartilaginous, 933; 
false, 982; fibrous, 1^, 910; pseudo-, 982: 
after tuberculosis, 480; stapes, 1098. 
Ankylostomum duodenale, 60, iK7. # 
Anlage. pathologic, 6. , . 

Anomalies, simple, 186. ^ g 

Anopheles, argyrotarrus, 401; barblrostis, 401; 
bifurcatus, 401; da vigor, 401; cestslis, 
401; culicitacis, 40V funestus, 401; 
Lutsli, 401; macullpennis, 401; paludis, 
401; Quadrimaculata, 401; roast, 401; 
sinensis, 401: suprrpictus, 401; pseodo- 
piotus. 401; theolmldl. 401. 

Anophelinm, 401. 

Anorebia, 189. 

Antagonism, corporeal, 430, 431; bacterial. 32. 
Anteflexion, uterine, 889; from myoma, 260. 
Anterior poliomyditis, 601. ♦ 

Anteversion, uterine, 889. 

Antfaracosis, 138, 709. < 

Anthrax, 488; symptomatic, 126. 
Antianapbylaxis, 323. 

Antibody. 21. 322. 432. < 

Antigen, 21, 822. 

Antitoxin, 24; anaphylaxis from, 324; poison- 
ing, 325. 

Antlvenone, Calmette's, 320. 

Antrum, of Highmore, csrarrh of, 712. 
Anuria, 69. 316, 507. 

Anus, atresia of, 199; carcinoma of, 775; 
fistula of, 766; malformations of, 190, 193, 
196, 199, 200; noma of, 128, 758; prolapse 
of, 772; varices of, 65, 265. 

Aorta, aneurism of, 59, 193, 646, 656, 559; 
angusta, 650; atheroma of, 59; calcifica- 
tion of, 655; fatty metamorphcMfs of, 119, 
653; hypoplasia of, 193; inroptlnenoe of, 
ostium of. 656; primitive, 190: sise of, 
stenosis of, 635, 641. ' 

AorVo valves, 69, 646, 666, 659; incontinence 
of, 666. 

Aphakia, 1012. 

Aphasia, from embolism, 91. 

Aphonia, from syphilis, 548. 

Apbthm, 4H. 

Apoplexy, 69, 616; anemic, 66, 610; oerebraL 
596, 510; cordis, 6t0; embolic, 610; hemor- 
rhagic, 69, 616; hy]>eremic,^6l0; nervous, 
610: pulmonary, 727; sanguine^ 69, 183, 
610; serous, 103, 606, 610, 

Appendices eplplolcm, lipoma of, 22S. 
Appendidtia, 466, 761, 762; aetluomyootlc, 485; 

chronic, 781; ulcerative* 76t 
Appendix, vermiform, absence of, 784; car- 
cinoma of. 776; catarrh of, 761; drcfMy of, 
215, 755, 765; empyema of* 755; inftamnia- 
tion of, 466, m, 761, tfi; Inversion of, 
764; pertoratton of, Tw, 763; saroomiLof* 
777; ulceration of, 761, W 
Applunutfo eomem, 9^ < 

Apron, Hottentot, 901. 

Aprosopus. 187* 

Aptera, m, 

Apus, 118. t 

Apyrexia, 183* 602. « 

Aqua hmiosa. 780, _ 

a 

IbirottS, 884: ffumiiiotts, 564; osstimmi* 
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Ai'neliftcidt tatgioma ot jMflS; carcinoma of, 
619; choleateatoma of/ 283, 6X6; cysticcr- 
ana of, 349, ^1. 616; edema of, 98. 197, 
S93;. of, 336, 616; melanoma of, 

. 640, 616; oateoma of, 239; Pacchionian 

txidiea of, 2330, B94; pearl tumor of. 381, 
616; »pnina oft 564; - tubercle of, 406, 616. 

Amelmoiaea, 8S3. 

Areiid fenillo, 119, 976; Juvenile, 979. 

Xrtintum nitrieum polaoning, 7. 94, 139, 685, 
846. 970, 997. 

Argyl-Robertson pupil, 1019. 

Ar^a, 7. 94. m, 685, 846. 970. 997; corneal, 

^ m; conjunctival, 970. 

Ari^th theory of leucocytoaia. 668. 

Arroaion, of veaaela. 55. 56, 67. 

Araenlc pola^ng, 60, 328. 

Amenlciaini ^onlc, 32iL 

Araeodloua acid, hemorrnage from, 60. 

Araenturetod hydrogen poisoning, 133, 075, 

Artaria recti, of kidney, 818. 

Arterial anemia,. 50. 

Arieriectaala, 34, 667. 

Arterlea, amyloid degeneration of, 146. 657; 
calciflcatlon of, 140. 141, 142, 656; end. 88; 
inflammation of. €51; hypoplasia of, 193, 
676; oaalOcation of, 141; terminal, 88. 

Arterltli.'^l; purulent, 76. 81, 651. 

Arteriocapill^/y fibrosis, 636. 

Artoriomesenterie oeelusion, duodenal, 772 

Arforlosclerosls, 33. 46. 59. 83. HO. 127. 130, 
14<^, 142, 431, 596. 634, 6;i6. 762. 106:1: car> 
o dlae hypertrophy In, 110, 634; causes of. 
762; congestion from, 42; thrombosis 
from, 74; cerebral, 696; gangrtMje from. 
127, 130, 656: general, retina in. 106:1, 
syphilitic, 431. 

Arthralgia, lead. Sy. 

Arthritis, adhesive, 930, 931; deformans, 108, 
230, 929; fibrinous, 930; fungous, 480. 

caseous, 480; gonorrheal. 497, 931; hemor- 
rhagic, 930; hydroflbrinous, 930; multiple, 
930; nodosa, 237: pauperum, 929; puru- 
lent, 501. 931; rheumatic, 930, 931; rube- 
olar, 931; scarlatinal. 931; serous, 931; 
tuberculous, 480; urlca, 143. 313. 

Artbrocace, 480. 

ArthrblHhl. 236, 230. 232. 

Arthro|)oda/i349. 

Artbrosporea, 426. . 

AabfNitold degeneration, 928. 

Aacaridea, 357. 

Aacarla lumbricoidea, 367. 

AaoUea, 96. 98, 100, 101. 779, 780; chylous. 779. 
780; Inflammatory, 100. 779, 7«0; lym- 
phatic, 780; soQuelm of. 101. 102, 10.1; 
tuberculous, 464. 

Asiatic choliva, 506. 

Aaporgillua flavus, 417. 
fumigatua, 417, 996; in hypopyon, 996. 
nlger, 418, 996. 

Aapermia, ayphllitic. 552. 

Aiphyxia, W. 834, 708. 

Aigkiratfon, death from, 314; pneumonia, 129, 
m m, 114, 607, 719, 732. 

Aastmilatton, 3, t04. 

AaUiaada« 766. 

Attkm. 801. 866, 699. 714, 715. 716, 749; bron- 
• ahlaU 714; • Charcot- Leyden crystals in, 
716; aostnonhilla In. 716; thyinicum, 201, 
•866. m 746. 

AftM itti a ,. 800. 

Sr®’ . 

m, in, tOi, 734; •equtred, lOt. 

Nht, 784; oompreaaion, 69, Kn, 178, 704, 

S ewiiltettital, 704: edema lu. 704: 
tiamat^oraa, 69; red. 178, 704, 705. 
6», Hi; aortic. 69. 88. ItA 655; 
ijouild, HI. HO. 944; vaacular, 69, * 

cyiita» U8, 1078, 


Atheromatous ulcer, 655, 993. 

Athletes* heart, 637; tobacco, 335. 

Atlas, luxation of, 601; spina bifida of, 197. 

Atony, vascular, 34. 

Attenuation, 432. 

Atresia, 199: anl, 188, 199, 200; of aortic 
orifice, 190; cordis congenita,* 190; of ex- 
ternal auditory meatus, 200, 1089; of eye- 
lids, 188; of Fallopian tubes, 119; of 
hymen, 200; of intestine, 199; of nose, 
188, 199; oris, 188, 200; of os uteri, 
887; of pulmonary orifice, 190; of pylorus, 
199, 774; of urethra, 119, 188; of ureters, 
199; of uterus, 119, 878. 879; of vagina, 
199, 200; of vulva, 200. 

Atria mortis, 123. 

Atrium of disease, 6. 

Atrixia, 11. 

Atrophia fusca, 115. 

Ia‘vl8, 122, 177, 496, 548. 
simplex, 113, 114, 116. 

Atrophy. 51, 106. 113, 122, 158, 181. 327, 796, 

824. 831; amyloid, 147, 148; anemic, 51, 
113; brown, 114, tl5, 116, 138, 626, 693; 
cardiac, 626; causes of, 113; from chemic 
substances, 121; compression, 121; cor- 
neal, 122, 979; cyanotic, 45, 122, 790; from 
dropsy, 101, 113; embolic, 87; etiology of, 
113; of female genitalia, 120, 177, 901; 
functional, 113; ganglionic, 115, 603; 

granular, 121, 122, 158, 181, 327. 796, 824. 

831; hepatic, 122, 790; Inactivity, 120; in- 
anition, 113. 116; iodine, 121; lacing, 791; 
lead poisoning, 121, 327; mammary, 120; 
marantic, 121; muscular, 107, 114, 603, 
938; necrobiotic, 51, 105, 113, 116. 627; 
neurotic, 122, 603. 618; nutritional, 113; 

organic, 121; of parietal bone, 121; 
physiologic, 119; pigment, 113, 114, 122; 
pressure, 121; progressive muscular. 60.3, 
918; red, 122; renal, 834; retinal. 1065; 
smile, 121, 603, 952; simple, 113, 114. 116; 
smooth. 122, 177, 496. 548; spinal, 60:1; 

splenic, 693; from deficient stimulation, 
113; thymus. 106; toxic, 121; of /aglna, 
177; vulvar, 901: yellow acute, 791. 

Atropine, conjunctivitis from, 1019; mydri- 
asis from, 1019; poisoning by, 334. 

Attraction theory, 71. 

Auebmeromyia luteola, 350. 

Auricle, aangioma of. 263; defects of, 190; 
fibroma of. 1088; beniatoma of 213, 1088; 
tophi of. 143; tumors of, 213, 1068. 

Autointoxication, 3*39, 346; gastrointestinal, 
346. 

Autolysis, 538. 

Autoslte, 203. 

Axial torsion, of intestine, 201, 769. 770, 771. 
stream, in Inflamiuation, 164. 

Axis, luxation of, 601. 

Hacilii, 423; carriers, 43$, 516, 528, 603. 

liaciHus, aOrogeues capauiatus. 571; anthrax, 
488; botullnus, 339; chancroid, 875; colon, 
619, 571, 782, 956; comma, 425, 505; Du- 
rrey, 875; dyaenterie, 520; enteritldis, 339, 
618; Friedlaender’a, 533; fluorescens, 981; 
fustformis, 530. 572; glanders, 491; in- 
flueusa, 522. 966; Klobs-Loeffler. 628. 954, 
963; Koeb-Weeks's, 955, 963; leprosy, 530; 
malignant edema, 573; mallet, 491; Mo- 
rax-Axenfeld, 991; paratyphoid. 389, 515; 
phlegmon is empbysematosee, 571; plague, 
498; pneumonim, 956; proteus, 571; pyo- 
cyaneus, 956, 983 ; Shiga-Kruse, 520, 

569; tetanus, 492; tuberculosis, 4S8; 
typhoid. 607; tJuna-Ducrey, 876; Vin- 
cents 530, 672; xerosis, 956. 

Dacon spleen, 148, 698. 

Bacteria, 428: aerobic, 426; anadrobte, 426; 
arthrospore, 416; distribution of, in 
body, 480; facultaiive, 486; fission of, 
426; motility ot» 426; multiplloatloii of- 
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Ba,cteria (c<»f»clii(?<9(t7). 

4^; noQ-pathogenlc^ 427; pathogenic, 427, 
429, 434; purpurin, 424; putrefactive, 125: 
pyogenic, 498^ apeclftc, 434. 

Bacteriolyals, 21, 20. 

Bacteriopurin, 424. 

Bacterium c611. 619, B7l, 782, 783, 956, 
lactia aSrogeucai, 626. « 

Balanitis, 874. 

Balanoposthltis, 874; adhesive, 874; catar* 
Thai, 874; ulcerative, 874. 

Balantidium coll, 414, 777. 

Banti's disease, 680. 

Barbers' itch, 41D. 

Barlow-Moeller’s disease,*- 6:1, 976. 

Bartholinitis, 879. 

Basedow's disease, 340, 741; blood in, 744; 
iodine, 743. 

Basidia, 416. 

Basilar meningitis, tuberoulous, 439, 467. 

Bedbug, 352. 

Bee stings, 320. 

Beer drinkers' heart, 637. 

Belladonna poisoning. 334. 

Benzol molecule, 22. 

Beriberi, 581; acute, 685; etiology of, 585. 
pernicious, 585. 

Berlin blue reaction, 132. 

Bertint, columns of, 816. 

Bile, 94, 689. 803; in blood, 91. 689, 80.3; 
pleiocbromatic, 135. 

Bile-'ducts, oaroinoma of, 299; catarrh of, 
805; concretions of, 805. 

Bilharzia hsematobla. 60, 375. 864. 

Biliousness, 762. 

Bilirubin, crystals of, 132, 135, 693. 805; in- 
farcts, 135. 

Biliverdin, 136. 805. 

Blbcbemic factors in immunity, 19. 

Birds, tuberculosis in, 438. 

Birth marks, 131, 204. 

Bites of poisonous reptiles, 124, 127; wounds 
from, 124, 127- 

Biting flies. 395. 

Bitter almond oil poisoning, 314. 

Block death, 497. 

Blackheads, 944. 

Black leg, 126. 

Black vomit, 586, 587. 

Black-water fever, 13.3, 407, 676. 

Bladder, gall-, carcinoma of, 299. « 

urinary, carcinoma of, 298, H6:i; catarrh of, 
177, 828, 853, 863; defect of, 189; dila- 
tion of, 8.58; diphtheria of, 828, 854, 855; 
diverticula of, ^9; fibroma of. 220, 80.^, 
864; fissures of. 196, 198. 297; fistula of. 
863, 8^; hemorrhage from, 68. 823, 853; 
hemorrhoids of, 854; hypertrophy of, ItO, 
868; malformations of. 189, 398, 206; par- 
asitos of. 864; phlegmon of, 854; stone in. 
144, 828, 855, 856, mi; syncytioma of. 899; 
thrombosis of, 854: tuberculosis of, 474. 
859; tumors of. 863, 864; ulceration of, 
854. 


Blastoma, renal, 852. 

Blastomycetes, 423. 

Blastomycosis, 423. 

Bleeders, 684. 

Blaedkif ; see Hemorrhage. 

Blennorrhea, 495, 853, 874, 931. 955, 962. 975; 
MnfliiicUval, 962; gonorrheal, 495, 853, 
874, 931; of lac^hrymat sac, 975; neona- 
tonun, 9S5, 969. 

Blepharitis, 1683, 1084. 

Btephafoebalssls, 1683. 

, Blindness, 1, 91; fyom embolism, 9L 

Bhmd, air iiw 84, 685; amount of, 661; In 
toedo#'s disuse, 744; bile In^ 94, 689, 
803 ; ooagola at emboli, 82; eeagnlation, 
«ta«es 96, 73, 683; corpuaeles of, 66-1; 
eonstltutlon of. 661 ; distribution of, after 
4mA. U; dust, ms fat in. ri, «S4; 
ArnifD Mitetaoces in, in wim, M, 


Blood ieonetudedh* 

823; human, transfusion of, 391; ISQeo« 
cytes of, 661; lime in, 685; megalohlasts 
of. 675; megalocytes of, 675 r- menstrual, 

67, 892; microcytes of, 675; moles, 894; . 
normoblasts of, 675; norm^ytes of, 676; 
parasites In, 60, .686; pigments, 70, 182, 
686; plasma, 682; platelets, * 76, 662; 
poikllocytes of, 676;. poisons, 813,, 681: 
post-mortem coagulation 74: red dells 
of, 674; silver-salts in, 665; • spitting of, 
458; stagnation, 71; stasis, 71; tumor, 

68, 212; uric acid in. 684. 

Blood-current, axial. In Inflammation, 164. 

reversal of, 83- ^ 

Blood-forming organs, tumprs of, 253. 

Blood-pressure, 36, 87; caplllmry, 68; In- 
creased, as cause of hemorimkge,J57; rela- 
tive, increase of, E». . * 

Blood-vessels, alteration of walls of, in 
hemorrhage, 59; atony of, 34; dilation of, 
34. 41; paralysis of, 84; action of poisons 
on, 59; syphilis of, 553; tonus of, 34. 

Blue disease, 44, 649, 683. 

Body, antidotal, 22, 321; fluids: proteid peV- 
centage of, 98; Intermediate, 27; pro- 
tective mechanism of, 15. 

Boil, 947; oriental, 397. 

Bone, abscess of, 926; absorption* of, 902; 
angioma of, 264; capsule, 238; carcinoma 
of, 302; cyst, 2.38; “drill," 239; enchpn- 
droma of, 233; "exercise," 142, 239; frac- 
ture of. 905; growth of. 106; myoma of. 
228; necrosis of. 123. 926; “riders,’ " 14f», 
239; sesamoid, 239; spongioid, 904; syph- 
ilis of, 545; tuberculosis of, 479; tumors 
of, 228. 233. 253 , 934. 

Bone-marrow, colloid, 902; degeneration of, 
107; red, 902: tumor off 253; yellow, 902. 

Bottom yeast, 42.3. 

Botuliu, 339. 

Botulism, 3.39; bacillus of, 339. 

Boucardia, 633. 

Bow-legs, 915. 

Bowman, capsule of, 816; membrane, 977, 996. 

Bracbycephalus, 924. 

Brachycera, 360. 

Bradycardia, 630, 

Brain, abscess of, 599, 1095; anemia of, 608; 
aneurism of, 596; edema of, f;i8: glioma 
of. 616; gilosarcoma of, 616; hemorrhage 
of, 608; psammoma of, 240; red softening 
of, 611; sand, 616; sarcoma of, 250; 
sclerosis of, 604; softening of, 611: syph- 
ilis of, 554; telanglecitasis of, 611; tuber- 
culosis of, 469. 616; vaseulsrlty of, 608; 
weight of, 597: white softening of, 613; 
yellow softening of, 613. 

Break-bone fever, 521. 

Breast gland, carctnoma of, 296; colloid car- 
cinoma of, 295, 296; fibroma of, 818, 821, 
222; involution of. 119; myxoma of. 839; 
papilloma of, 221; tuberculosis of, 477. 

Bright's disease, 565 (see also Nephritis). 

Bromine poisoning, 316. 

Bronchi, carcinoma of, 117, 300, 736; catarrh 
of, 177, 458. 712; chonorcens of, 737; en- 
dothelioma of, 736; dUation of, 784« 73^: 
polypi of, 737: supernumerary, 805; tubtr^ 
culosts of, 452. ft A, 

Bronchiectasis, 48, 724, 725, 726; oongenitmi, 
726; cystic. 215. 

BroncbJtla, acute, 45, 314, 522. 589, 561, 718; 
caseous, 453; catarrfaaX 177. M Ttl; 
croupous, 714; cyanotic, ethey, 323; 
fibrinous, 589, 714; fibrous, 786; fulfil* 
maiou^ 656; hemorrhafite, 62; Inftuoi&aat, » 
622; malleolosa, 491; memhraiiohs, fi23« 
625, 713; obliterating, 177. “ 

714, 717, 7^; In polsonliJ 
820; puruicnt, 17^ 468, If**, •fiww-,*,, 

17f, 7$, 782; mhilitie, 666; luhofotllomitf 
452; variolar, 66a 


177, 463: pfifitltary* 
ttnim 314, 3ffi« m, 
18, puhHd, lfi», 
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Broixolioceto, 738. 740, 743, 1083*- 
Broncb 0 |iiievimDnla, 314. 522, 540, 717, 710; 
apoatematoaa, 719; catarrhal, 177, 319, 712; 
fihrino^, 52^*525, 539. 714; fihrlnocatar- 
.rbal, 319, 454; hoOoaa, 719; reBolutioii 
staira of, 719. 

Brousa^l akin. 137, 478. 

Brood capaulaa, ochidococcic, 385. 385. 

Brown atrophy, 114, 188 j of adipoae tissue, 
fil4,;at)f gankllorf celre, 116; of liver, 114; 
of myocardiwn, 628; of spleen, 693. 
Brownian molecular movement, 425. 

Bruch's membrane, 1018, 1083. 

Briibke’s muscle, 1028. 

Brush Jnolds, 415. 

BuboeiC 498, 545. 549. 696. 875; plague, 498, in 
soft chancre. 874; *s>phiHtif. 549. 

Bubonic plague, ; bacillus of, 497. 
Budding .fuilki. 423. ^ 

•'Bulfy coat," 63, 74. 

Bufldln poisoning, 320: 

Buhl's disease, 677. 

Bulbar paralysis, aepte. 611 ; progressive, 122, 
603. 

BuIl^T 948. 

^BupMhalmus. 1051. 

Burdach, columns of, 606. 

Burgundy nose, 945. 

Burns, 8, 12Ri 844, 949. 

Bursa, preosseoua, 215, 938. 

Bursitis. 938; tuberculous, 478. 
o 


Cachi|ptlc hydrops, 99. 

Cachexia, 41, 114; in tumors, 211; malarial. 
407; miners', 367; strumipriva, 345; thy- 
tuopriva, 699; tbyreopriva, 345. 

Cadaverln, 338. 

Caisson disease. 7. 84 
Cnlubar*bcan poisoning. 337. 

Calcification, K19; cardiac, 631; pulmDiinry. 
140. 


Calculi, cutaneous, 944; cystin, 858; hepatic, 
807; Intestinal, 14.3; punereatic, 140, 14.3, 
812; pigment, 808; preputial, 875; pros- 
tatic, 140, 143, 873; pulmonary, 140, 143, 
737; renal, 140, 847. 854; salivary. 143, 
814; spermatic. 869: tonsillar, 757; uter- 
ine, 142: evenous, 80, 140, 873; vesical, 
144, 855. A 

CnBoslty, 223, ^2. 

Callus, 160, 905, 906; extern us, 160, 9<8i; 
fibrous, 160, 694, 7xS1, 905, 906; iuternu.s, 
360, 906; luxurians, 160, 2;i9, 9i)6; myelog- 
enous, 906; osseous, 160, 905, 906; iieri- 
tonei, 781; spongioid, 906. 

Calmette, antlveueiie of, 320; reaction, 439. 

Calor, 170. 

Canal, auditory, j[>xostoseB of, 1093; polypi of. 
1990; stenosni of, 3089; suppuration of. 
3090. 

hyaloid, of vitreous, 1012. 

lachrymal, 974. 

Fetit’a, 1005. 

Schlemnrs, 1017. 

9iiiaUsattoii, of thrombi, 80. 

Cancer, definition of# 271; aquatlcus, 128. 753; 
atrophic^ 27Z: cachexia in, 211, chimney- 
•wespers*, 273, 281: clay -pipe smokers*, 
273: milk, 274; •paraffin workers', 273. 281; 
iwfraliens, 277; smokers’, 273; villous, 277. 

^ 96%(Md also Oarcinoma). 

Canor^d epithelioma, 279; pearls, m 

Canitte madneaa, 569. 

Canitaa, «f eyelids, 1087. ^ 

Caa^prldin poisoning, 316, 320. 

CaiApirtei, dilation of, 364, 61 1, 704. 104C; 
mpholfim of, 67, 93; formation of, 161; 

Capil^ iMoneatr«l% 927. 

OlAlon'a, ite; T»|I011*S, 1073. • 

Coi^hlog, anpraronal, hyperplasia of, 619; 


Capsules, structure of, 619; tuberculosis of, 
478; tumors of, i^O (see also Suprarenal 
Glands). 

Caput medusae, 79, 797. 

ODstipum musculare, 937. 
succedaneum, 212. 

Carbolic acid poisoning, .316, 319, 844.* 

Carbon dioxide poisoning, 314. 
monoxide poisoning, 314. 

Carbonic acid poisoning, 314. 

Carbonization, 949. 

Carbuncle, 328, 489, 498, 947; anthrax, 488; 
plague, 497. 

Carcinoma, 268; appendix, 776; alveolar, 285; 
alveoli of, 269; atraphic, 277; bile-duct, 
299; bladder, 298, 863; bone, 302; bran- 
chiogenous, 278; breast, 295, 296; bron- 
chial, 300; cachexia, 211; cauliflora, 227, 
86:{; rell-nests of, 269; cells, character of, 
289; colloid, 285; conjunctival, 872; con- 
tact, 209; cutaneous, 280; cylindric-celled, 
284; cystic, 298; definition of, 271; dis- 
semination of, 288; endothelial, 304; epl- 
dcrnioidal. 279; esophageal. 290; etiology 
of, 272; extension of, 288; fat-granulo 
colls in, 117; gall-bladder, 299; gastric, 
291, 768, 775, 776; gelatinous, 285; gland- 
ular, 284, 300; hemorrhage In, 291; he- 
patic, 3U1, 800; intestinal, 286, 295; kidney, 
;i00, 850; laryngeal, 300; location of, 287; 
lung, .300; malignancy of, 287; mammary, 
295, 298; im?dullary, 269: metastasis in, 
288; myxadeno-. 300: ovarian, 298, 883; 
papillary. 277, 863; pharyngeal, 290; pros- 
iatic, 302, 873; psammo-, pulmonary, 
117, 30tJ, 736; pyloric, 775; retracting, 277; 
salivary gland, 300; sarcomatodes, 247, 
852; scirrhous, 277. of serous membranes, 
303; smooth, 277; sciuaroous-celled, 278; 
stomach, 291, 768. 775, 776; stroma of, 268; 
testicular, ‘301; thyroidal. 802; tracheal, 
302; trausitional-celled, 277, 285; uterine, 
297, 298, 897; vaginal, 298; villous, 277. 
8G3. 

Caries, dental. 2.38, 4,30. 448; purulent, 926; 
sicca, 546; tuberculous, 479, 480, 917; ver- 
tebral, 479, 480, 917. 

Carlonecrosls, ;I2K. 4.80, 926. 

Carnlflcation, pulmonary, 178, 540, 722. 

Taro luxurians, 180. 

C'artilage, yticular, eccbondrosls of, 230; 
asbestoidr degeneration of. 928; ctiiclflca- 
tion of, 92S; fracture of, 906; erosion of, 
927; hyaline, fibrous degeneration of, 
108; laryngeal, ossification of, 723; petri- 
fication of, 928. 

Cartilaginiflcation, 140. 

Caruncle, 954; adenocarcinoma of, 972. 

Caseation, 124; of tubercle, 443. 

Casein. 749, 

Oasts, renal, 158, 837. 

Cataract, 1006; anterior polar, 1009; black, 
J1007; capsular, 1010; central, 1007; com- 
plicated, 1008; congenital. 1009; coralll- 
form, 1000; rortlc, 1008; cystic, 1007; dia- 
betic, 1008; dura, 1006; fusiform, 1009; 

glassblowers*. 1010; glaucomatous, 1050; 

green, 1047; hard, 1006; hyaloid, 1011; 

hypermaturo, 1006, 10U7; inclplens, 1006; 

Intumeseens, 1006; Juvenile, 1009; lactea, 
1006; lamellar, 1009; mature, 1006; mem- 
branous. 1006; mollis, 1006; Morgagnian. 
3007; nigra, 1007; posterior polar, 3010; 
punctate, 1007; secondary, 1010; senile, 
1007; soft, 1006: spindle, 1009; toxic, 1008; 
traumatic, 1008. 

Catarrh, autumnal, 760; bronchial, 177. 458, 
561, 712; ^colonic, 751; conjunctival, 954, 
956; desquamative, 752; duodenal, 750; 
foUlcutar, 759; gastric. 749; mucous, 712; 
nasal, 712; poUed, 760; urethral, 495; 
uterine, 865; vaginal, 877, 878; vesical, 
^4, 863. 



il04 


i 


INDEX. 


Chum t; interact ^ 8; xuorboiiiiii, 

8» 810; ftccHHlonalis, iilO; pi«di«poiiMtei. 

8y 810* 

ChubUc poiiOBS) 316; gangrene from, 127* 
ulcer* 317. 

CauterlMtlon, 7. 72, i2i* SIO. 
t»ngren6 from, 124* 127. 
hemorrhage from, 66, 60. , 
stasis in, 72. 

Cavema hroncbiectatica, 728; ulcerosa* 456. 

Cavemltla* 876. 

Cavernous sinus, thrombosis of, 1077. 

Cecum, mobile, 761. 

Cells, adventitial, In inflammation, 166; car- 
cinoma, character pf, 289; division of, 169; 
epithelioid, 167; fat-granule, 117; func- 
tion of, 104; giant, 167, 436; granular, 
117; granulation, 166; Icucocytotd. 167; 
lymphoblastic, 167; multinucleated, 168; 
plasma, 167; syncytial, 437; vandering, 
167. 

Cellulitis, periphalangeal, 946. 

Cement exostoses, 288. 

Central nervous system, angioma of. 266; 
glioma of, 243, 616; myxoma of, 228. 

Cephalhematoma, 212. 

Ceratophyllus fasciatua, 395. 

Cercomonas hominls, 394. 
intestinalis, 394. 

Cerebellum, abscess of* 1095. 

Cerebral atmcess, 1095. 
nerves, glioma of, 242. 

Cerebrospinal meningitis, epidemic, 568. 

Cerebrum spurfum, 197 (see also urain). 

Cervix uteri, acne of, 884; atresia of, 879; 
carcinoma of, 297, 897; dilation of, 879; 
erosion of, 878; polypi of, 884. 

Cestodes, $37. 

Chain cocci, 424. 

Chalaslon, 1086. 

Challcosis, 132, 138. 679, 709. 

Chancre, of eyelids, 1087; hard, 545, 547; soft, 
874; sporotrichotic, 487. 

Chancroid, 874, 968; bacillus of, 875; con- 
junctival. 968. 

Charbon, 488; syroptomatique, 126. 

Charcot-Leyden crystals, 671; in asthma, 715. 

Cheese poisoning, 387. 

Cheilognathopalatosehisls, 197. 

Chemic factors In Immunity, 19, 50. 

Chemosis. 1080. 

Ohemotaxis, 28. 174, 670; negative, 28; posi- 
tive. 28, 670. 

Chicken breast, 914. 

Chicken-pox, 660. 

Chigger, %4. 

Cbilhlalns. 946. 

Childhood, cataract In, 1009; glaucoma of, 989. 

Children, cataract in, 1009; colon bacillus in- 
fection In, 783, 784; convulsions In, 783. 
784; glaucoma in, 989; malaria in, 407. 
411; nephritis in, 824; tuberculosis in, 439, 
467; tuberculous meningitis in, 467. 

Chill stage of fever, 182. 

Cblmney-svespers* cancer, 273, 281. 

Chloasma, 131, 137; alum, 181; uterine, 137. 

Chloral hydrate poisoning, 332. 

Chlorine poisoning, 816. 

Chloroform poisoning, 332, 333. 

Chloromyeloma* 253. 

Chlorosis, 48, 61, 677, 763; auontSiUes in, 193; 

hemorrhiure in, 62, 611. 
jolted dl8k>^ im 

516, 525* 805, 806, 808; catar- 

_ dlphthelPltic, 525; tn>hold, 516. 

CholatHliiimia, i^, 807. 

ctiotomla, I4. .660, 347, 686, $03. 

, 505; lnfauthni« ihOrbus, 

568; nostras. 485. 568, 751, 

C^lesteatoma. 281 . 282 . 

Cholestarln crystals, 118, 885. 817. 86|^ 1014; in 
sohlnocoecns, 886; In fatty degeneration. 118. 
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Gholesferin stones, 807. 

ChoUn, 341. 

ChondHtis fmtalk 916* 

Chondrocarciaoma, 232. 

Chondroma* 229, 232* 234; 

sarcomatous, 234. 

Chondrosarcoma, 234* ^ , 

Chorioretinitis, syphlUtU, 1014. . 

Choroid, anatomy of. 1033; angioma of* 1046; 
carcinoma of* 1642; ^dermoids Ul, 9046; 
drusen of, 1046: leprosy af, 1046; melano- 
sarcoma of, 248; neuroma of* 1046; os- 
teoma of, 1045; perithelioma of, 1041; 
pseudotuberole of, 1038; sarcoma of, l<f87; 
syphilis of, 1014, 1037; telangiecmsls of* 
lim; tubercle of, 1045. ^ 

Choroiditis. 1000, 1034;( areolar, 1034; diffuse* 
1034; disseminate, 1034, 1017; hyperplastic* 
1037; metastatKl, 1036; nodultfr, 103g, 1038; 
ossificans, 1045: suppurative, 1035; sym- 
pathetic. 1038; syphilitic* 1014, 1037; 

tuberculous, 468, 1045. 

Ghorotdoretinitis. 1014, 1034, 1665. 

Chromaffin systems, 345. * 

Chromatophores, 137. 1040. 

Chromatophroma. 241. 

Chyle retention. 155, 606, 759. 

Chylemia. 684. 

Chyliflcation, 759. 4 

Chylorrhagia, 780. » 

Chyluria, 60, 358. « 

Chyme resorption, disturbance of, 114, *149. 
Cicatrices, cerebral, 70, 133. 611, 613; stellate, 
of syphilis, 547, 548, 556; typhoid. 512, 
Cicatrix, cystoid, 982. 

Clcatrlaatlon, 70, 133, 180, 181. 512. 547, 548, 
566, 611, 613. 

Cilia, bacterial, 425; of mold spores, 415. 
Ciliary body, 1027 ; adenoma of, 1031 ; atrophy 
of, 1030; carcinomh of, 1031; cysts of, 
1032; degenerations of, 1029; glioma of. 

1030; gumma of, 1030; leprosy of, 1030; 

perithelioma of, 306; sarcoma of, 1021, 
1040; senile degeneration of, 1032; staphy- 
loma of, 1000, 1004, 1050; tubercle of, 1030; 
tumors of, 1081. 

Cimex lectularius, 342. 

Circle, arterial, of iris. 1016. 
of Willis, 595; embolism of, 86, 596. 
of Ztnn, 1005, 1011, 1016. . 

Circulatory disturbances, atr<mhy from, 113; 

' p gangrene from, 124; from struma, 739. 
Cirrhosis of liver, 44. 45, 47, 58, 98, m. 691, 
796, 797; hemorrhage from, 58. 

Cirrus, of tapeworm, 878. 

Cladothrix, 425; actinomyces, 483. 

Clavus, 223, 952. 

Clefts, abdominal. 198; bladder. 198; cranial. 
197; Intestinal, 199; of jaw, 197; of lips, 
197; of palate, 197; of sfall* 197; spinal, 
197: thoracic, 198. 

Climacteric, hemorrhage at* 54. 

Clitoris, hyperplasia of, 201; malformations 
of, 199* 201. 

Cloacm formations, 196, 199. 

Clots, 53. 73; organisation of, 80; post-mor- 
tem, 62; varieties . of, 53 Csee also 
Thrombus). 

Cloudy swelling, 89, 44, 154; ' in ebng#tion* 
44; in hyperemia, 89. . 

Ohtb-foot, Mb, »L * » 

tawa, MO. , . 

Coaggla, 53, 73, 682 (see also. Thrombu^. 
Coag^tion, 53, 70. 73, 682 (s^ aleo 

necrosis* 124, 443. 

(joagulin, 73. ^ ' 1* ^ 

Coag^um, 53, 70, 7ft. 682; organiimtljoh 70 
<se4 also Thrombus)^ ** .1*^** 

Cocaine poisoning, 984; tdfeot ot> pp 
'CDoddlS, 897. ’ ' ' ' \ ■ 

C^cldtni% 'j^qmin^^ftft^. . cuii4cwilH|, 'M; 
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necioslo of, 3W7. 

CQOW3UI8 poisoning. SS7. ' 

CoOlAclottt. urotoxic, 348. 

COhnltettn's theory of cfirciiioma. 273. 
Colohioum poisoning, 836. * 

Coid. oflocts of, «g. SO, 049, * 

Cold Abscess, 447. , 

Coldness, in congestion. 44; In fever, 132. 

CoWo^W. . ^ 

Cotie. mucous; 751. 

Colfemla. 620. 733. 784. 

Colitis. 184, m. m, 266, 826. 608, 620, 626, 761. 
4,764: oaUrrhal. 178, 761; cystic. 178. 764; 
^diphtheritic. 326. 628; fibrinous, 178. 766; 
foVlcttlar. 761; hemorrhagic, 383. 620. 626; 
membranous. 751»; « from mercury poison- 
ing. 826; mncous, 751: pigmentary, 134, 
7w: polypous, 266, 168; purulent, 177; 
tlfpbosa, 608. 

Coltapse, cardiac, 62fi; temperature, 183. 
Collateral circulation, 36, 40; hyperemia, 36. 
Colloid carcinoma, 285. 288. 
degeneration, 139,* 151. 

Coloboma, 1004; of choroid, 1027: of irta, 1026; 

of lens, 1012 palpebral, 1086. 

Colon bacillus, 518. 671, 782, 783. 784, 956; In 
children, 783, 784; in conjunctivitis. 966; 
in convulsions. 783, 784. 

Colon, hemorrhage of. 393, 620. 526, 75,5 (see 
also Colitis)*' 

Colotgpbus, 608. 

Xiolpitis, acute purulent, 878; catarrhal, 878; 
chronic, 878; diphtheritic, 887; granular, 
§f8; emphysematous, 671; leevis, 486, 878. 
Columella. 416. 

Columnar renales, 816. 

Columns, of Burdach, 606: of (3oll. 605; poste- 
rior, of spinal cord, 6(»5. 

Coma. 344, 347, 688; Ulabetic, 844; thymicum, 
699. 

C/Ombustlon, 28, 128, 949. 

Comedones, 21^ 363. 944. 

Comma bacillus, 426. 605. 

Commotio cerebri, 7. 612, 

Communicability, 433, 

Complement, 26, 321. 322; fixation of, 321. 
Complementophore. 27. 

Complication 5, 183. 

Compression, retention cysts from, 215; of 
vessels, 86. '40, 47, 75. 
atelectosls, 09, lOl, 178, 704, 734. ' 

myelitis, 600. 

Conception, alteration caused by, 34, 64, 111, 
112, 137; node, of malarial parasite, 403. 
Conceptlonal infection, 428. 

Concrements, 137, 151, 740. 806, 968. 
Omretlons, biliary, 137, 806; colloid, In 
goiter, 740; ^^conjunctival, 968; renal, 140, 
161, 847, 854; 'salivary, 143. 814; spermatic, 
618; tonsillar, 757: uterine. 142; venous, 
80, 140, 873; vesical, 144, 828, 855. 856. 857. 
Cilttdrasatlon, of coagolum, 70. 

OoodrknnA, 221. 223, 647, 879; acuminate. 223, 
618; follicular, 221; latum, 647; subcuta- 
apum, 221. 

CMotation, 28, 128,^949. 

Congestion, 40^ 44, 46, 51, 98. 122, 710, 791; 
alMGess, 178, 479; atrophy in, 45; causes 
OL 40; cyanosis In, 44; dropsy in. 45, 98; 
emia from, 98; frigidity in, 44; fune- 
tiggal disturbances In, 46; general. 40; 

. hett th, 40; hemorrhage (n, 45, 57: hypo- 
48, 51; Induration in, 46; liver in. 
41, w 781; local, 40; ^lungs in, 43, 710; 

98; isoondary Iphenomona of, 44: 
of^ 44; thrombosis In. 45; 

tubercle, 469, 470, 471, 616; of 
616; of lltor, 470; Of spleen. 470, 
OMBctntinatloB. 77. . 

Omim poti^iai, 387. 


Conjonctlvd, adenoma of, 972; amyloid de- 
generation of, 968; anatomy of, 953; an- 
gioma of, 971; argyrosis of, 970; car- 
cinoma of, 972; chancroid of, 968; colloid, 
degeneration of, 968; cysts of, 972, 973; 
dermoids of, 972; dermolipoma of, 972; 
desquamation of, 961; edema ofi 974: em- 
phyBMoa of,« 974; endothelioma of, 971; 
epithelial plaques of, 972; epithelioma of, 
972; epitbelloSts of, 961; essential shrink- 
ing of. 969; fibroma of, 970: gonorrhea of, 
497, 955, 962; gumma of, 968, 1086; hemor- 
rhage of, 869; hyaline degeneration of, 
968: hydatid of, 974; leprosy of. 969; 
lipoma of, 972; Vipus of, 969; myxo- 
fibroma of, 970; nevl of, 970; osteoma of, 
972; papilloma of, 970; parasites of, 974; 
pemphigus of, 969; sarcoma of, 971; syph- 
ilis of, 988, 1086; tumors of, 970; xerosis 
of. 966. 967. 

Conjunctivitis, angular, 955; catarrhal, 954, 
956; diphtheritic, 954, 962; exanthematic, 
954; follicular, 957; gonorrheal, 497, 9£S, 
962; litbiasts, 968; lymphatic, 963; mem- 
branous, 963; metastatic, 955; Parinaud’s, 
955; petrificans, 967; phlyctenular, 963; 
pneumocoocic, 956; purulent, 954, 962; 
scrofulous, 963; syphilitic, 968; trachom- 
atous, 958; tuberculous, 968; vernal. 967. 

Connective tissue, simple atrophy of, 116. 

ConorhInuB megistus. 396. 

Coustipation, 762; effects of, 763. 

Constitution, 6. 9. 

Consumption, galloping, 455; pulmonary, 462. 

Contagion, 428. 

Contagium vivum, 432; cellular, in tumors, 
288. 

Centre coup, 612. 

Convalescence, 183, 

Convulsions, coton-bacillus, 783; lotestliia]. 
In children, 783, 784. 

Coprostasis, 762. 

Cor biioculare, 190. 
boviiium, 633. 
triloculare, 190. 
villosum, 624. 

Corectopla, 1027. 

Corium. 941. 

Corn. 223. 952. 

Cornea, abscess of, 981, 984, 993; amyloid de- 
generation of, 992; anatomy of, 977; art 
gyrosis 8>f, 998; o trophy of, 122, 979; cal- 
careous degeneration of, 992; Tolloid de- 
generation of, 992; cysts of. 998; dermoids 
of, 998; dystrophy of, 979; endothelioma 
of, 998; epithelial dystrophy of, 985; epi- 
thelioma of, 998; facet tes of, 983; family 
degeneration of, 994; fatty degeneration 
of, 199; fibroma of, 998; fistula of, 982; 
flattening of, 998; hematogenous discolo- 
ration of, 997; hernia of, 983; herpes of. 
989; horns of, 998; hyaline degeneration 

* of, 992;, iuflltration of, 980; leprosy of, 
996, 996; leuoomatous ulcer of, 992; mel- 
anosis of, 9.97; mycosis of, 996; myxoma 
of, 998; opacities of, 979, 993. 998; papil- 
loma of, 998; perforation of. 962, 981, 982; 
pigmentation of, 997; posterior abscess of, 
984; ring abscess of. 993; sclerosis of, 979; 
staphyloma of. 982; syphilis of, 986; 
trachoma of, 959; tuberculosis of, 996; 
ulcer of, 962, 981, 984, 986, 99], 992. 

Cornu outaneum, 952, 1086. 

Corona cillaris, 1927, lOM. 

Coronary arteries, embolism of, 533. 

Corpora aniylacea, 146, 466, 605, 616, 870, 873, 
1062; in lungs, 732; In prostate, 373* 
areoaooa, 239. 610, 
eayemosa ptenis, 376. 
libera, 326, 290, 232, 867, 989. 

Itttea vera, 881. 

menstrualitj 861, 

niobma, m, 180. 232. 867, 939* 
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Corpora oriEOtdea* $88, 93$. 

Corpulency, general diepoflttlon to, 107. 

Corpus alienum, 4. 
callosum, lesions of, 604, 613. 
ciltaris, D027. 
irrltsna, 4. 
luteum, 8SX. 
planum, 1027. 

Yltreum, 1012. 

Corpuscles, blood-, 661; Negri, 670; red, ot 
blood, 674. 

Oorroaion, 7, BB, 317. 

Corrosive BUbllmate, hemorrhage from, 60; 
poisoning by, 326. 

Corysa, 8, 676. 

Cover-shame poisoning, 337. 

Coxitis, purulent, $81. 

Cranlopagus, 262. 

Cranioschtsis, 1$7. 

Cranlotabes. $16. 

Cranium, blood- tumor of, 212; exostoses of. 
237. 

Crescents, malarial, 402, 406. 

Cretinism, 187, 742. 

Crisis, 182. 

Croton-oll poisoning. 337. 

Croup, membranous, 5221, 626, 713. 

Croupous pneumonia, 532, 713. 

Cruor, 74; lymphaticus. 74; red, 74. 

CruBta granulosa. 74; phlogisUca, 74. 

CryptococcuB eerevlslaj, 423. 

Cryptogams, 414. 

Cryptogenetic septicemia, 499. 

Cryptoglioma. 1071. 

„Cryptorohidiatn. 200. 869. 

Crystals, bilirubin, 135; calcium oxalate. 866; 
Charcot- Leyden, 716; ebolesterln, 138, 866; 
fatty acid, 129, 731; hematoidln, 70; triple 
phosphate, 857; tyrosin, 502. 

Cul-de-sac. Douglas's. 887, 891. 

Culex, 401; fasciatus, 586. 

Curschmann’e spirals, 715. 

Cutis anserina, 52. 

Gyanmetbemoglobin. 314. 

Cyanosis, 44, 649, 683. 

Cyclltic hull. 1029. 

Cyclitia, acute, 1029; plastic, 1029; serous, 
1029. 

Cyolopsla, 187. 

Cytinaers, urinary, 168, 837. 

CylindroidSi urinary, 841. 

Cylindroma, 305. 

Cynanche, 813; parotldeea, 574. 

Cystic goiter, 740, 742. 
sarcoma, 2^. 

Cystlcercus cellulosee, 379. 380; of eye, 974, 
1014, 1025, 
boYls, 384. 
mediocanellata. 384. 

Cystln calculi, 858. 

Cystis mucoBus, 785. 

Cystitis, caUrrhal, 177. 828, 854, 863; diph- 
theritic, 854; fibrinous, 854; gonorrheal. 
863; hemorrhagic, 823; phlegmonous, 
purulent, 177, 828, 863, 863; tuberculous, 
474, 85$; ulcerative, 854. 

Cystoma, ovarian, 883; renal, 832 (See also 
Cysts). 

Cystomata. 309. 

Cystopyelttis, 520. 

Cysts, appendicular, 215, 755, 785; atherom- 
atous, 118, 1078; bone, 238; cerebral, of 
eiUary body, 1032; conlunctival, $72, $73; 
corneal, $$8, 999; cutaneous, 118; daugh- 
ter, 386; dermoid, 812, 972, $$8; echino- 
cc^tts, 385: endocervlcal, 87$; of endo- 
m^nm, JM.; ^ithetial. 973; gastric, 764; 
bwSiOai,, 1(178; inclusion, OTi; of Irid. 
1% Ss^ IjrmphaHe. »«;. aillk. *92, 
omtal, 1077; , renal, m; of sclera, lp04; 
itebaceottS, 944; splenic, 694^ supral^enal. 


Cytolyslr»s. 26. 

Cytolysis, 21. 

Cytorryctes lues, 644. 

Dacryoadenltis, $76. ‘ 

Dacryocystitis, $76. * 

Dacryops, 970. ; 

Daltonism, 11. 

Dandy fever, 621. 

Darnel poisoning, 337. 

Datura poisoning, 837. ' * « ' . o 

Dauerspores, 45. 

Death, anaphylaxis and, 325; distribution ot 
blood after, 61; from drowning, 708; local. 
128; somatic. 123; spots. 62. 711; sudddli, 
326, €9$; thymus. 699. 

Decidua menstrualls, 893. ' 

reflexa, 893. * ' 

vera, W3. V' 

Deciduoma malignum. 899. 

Decubitus. 102, 129; profundus. 130; super- 
ficialis. 130. 

Defervescence, 182. 

Defluvium capillorum, 419, 952. 

Degeneratto, fusca, 138. 

Degeneration, 138. 139; albuminous, 154; amy- 
loid, 144, 693, 697. 799; ralcareous, i:i$; 
colloid. 151; fatty. 117, 154, 635; granular, 
681; hyaline, 150, 779; mucoid, 301 

parenchymatous, 154; waxy 150, 935 

Zenker's, 150. 

Delhi sore, 397. 

Dementia pnecox, optic neuritis In, 3058. 

senile, 603. « 

Demodex foiliculorum, 352, 303. 

Dengue, 521. 

Dental caries, 238, 430. 

osteomata, 238. 

Dentes proliferi, 238. 

Depression, 5. 

Ilermacentor occidental! h, 566. 

Dermatitis, 433. 946; blastomycotic, 423; bul- 
lous, 125; erythematous. 943; gangre- 
nous, 125; pustular, 173. 947; scrofulous, 
447, 481; vesicular, 135. 

Dermatocele adnata, 201. 

Dermoid cysts, 312; of cborold, 1046; con- 
luncUval, 972; corneal, 9$K; of iris, 1020; 
orbital, 1077. 

Derniolipoma, conjunctival. $72. * 

Desoemet's membrane, $77; drusen on, 996. 
Descemetitis, 1029. 

D<^iccatton, 124. 125. 

Desnion, 27. 

Desquamation, 39, 943; branny, 39; lurfu- 
raceouB, 39, 943; in hyperemia, 39; mem- 
branous, 39. 943. 

Dextrocardia. 192. 

Diabetes mellltus, blood in, 084; cataract In. 
1008; Iris in, 1025; pancreas in. 811; sup- 
puration in, 175; uterine, 899. 

Diapedesis. 55. 

Diarrhea, 414, 422, 520, 668; bilious, 6t0; 
bloody, 393. 520, 526; infusorial, 414; 
mycotic, 422; summer, 520; watery, 506, 
Diastasis, of bones, 928. 

Diathesis, 1, 2; general hemorrhagic, 62; 

local, 65. « 

Dtbothrlocephalus cordatus, 391. 
latus, 390. 
mansoni, 391. 

Dicepbalus, 202. ^ 

Dlcroccellum lanceatum, 373. o 

Digestive tract, 74$; oarelnoina of, 286, 8$0. 
291, 295, 768, 775. 776; tuberculosis Of, 459 
(set also Intestine, dtomach, Duodenittn). 
Digitalis poisoning, 335. ^ 

Dilation, wdlae, 635; gastric, 846, Tig, Vt; 
of cerebral ventricles, 616; of tbafHliiot, 
$75; vascular, 84. 

Dtoctophyine renale, 366. * 

Dinbtherla, 583; baclUus ot, 

^ bladder, 854; croupous bi 


. 954v 868; of 
titti* 1^, nc 
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plpbtlierla (<mr^rtuded), #. • 

ok Wustfichlan tube, 1#3; Intestinal, 326, 
5^; in amall-pox/ 566; malignant, &23; 
ocular, 963; ; pharyngeal, 128; toxin of, 338, 
623; uterine, 887. 

Dtplooocci, 424. ^ 

Diplococcus gonorrbmaB, 495. 

Intraoellularis, 668.. 
lancedatua, 532. 
m^nliipgitidila, 568.* • 

Mor^-Axentejd, 9G5. 

Diproeopua, 2U2. 

Diptera, 349. 


Di^ygua. 202. 
Dlpylidiui 


Hum cantnum, 379. 

Dlaeaaa, abortive, 3; acme of, 5; acute, 2; 
atypical, 2; biologk causes of, 8; bleed- 
era , 62, 684;« bronaed-shin, 478; cbemlc 
cauaea ef, 7; chronic/* 2, 61; contagious. 
4^; * decline of, 5; definition of, 2: 
English, 910; foaX. 581; foot and mouth, 
492; hookworm, ;-l67; intra-uterine ac- 
quired, 9; iodlne-Basedow's, 743; mechanic 
causes of,.T; pearl, 441; physic causes of, 
7,* 8; physiologic causes of. 8; subacute, 
2; subchronitf. 2; sun, 578; termination 
of. 3, 5; thermic causes of, 8: trans- 
mission of, 10; typic. 2; woolsorters', 489. 
Addison’s, -131, 139, 344. 478, 621, 942. 

Bantl’s, 6^. . 

Barlaw-Moell<w%, 63, .976. 

Basedow s. 340. 741, 742. 744, 916; blood in, 

- 744; Iodine. 743. 

• BrlU’s, 665. 

Bubrs, 677, 

Dubois's. 700. 

Brb’s. 700. 

Oelsbock’s, 683. 

Oravea’a, 742. 

Helne-Medln’s. 601.# 

Hodgkin’s. 253. 255, 674. 

Katayama, 376. 

Moeller- Barlow’s, 63, 976. 

Paget's, of bone, 928; of nipple, 296. 

Pott's, 479, 

Quincke’s, 1082. 

Raynaud’s, 128. 

Vaques’s, 683. 

von Reckltiighausen's, of bone, 928. 
Werlb(iir’8,T3. 

Winckel’s, 6^. 

Diaeaaea. hereditary, 8, 10; iufectlous, gan- 
•ral remarks on, 4:i5. 

Disposition, general, 9; local, 9, 10; organ. 9. 

DlBseminatlon, 96; of carcinoma, 283; in 
tumors, 209. 

Dtstichlasls. 1085. 

Dlstoma conjunctum, 374. 
js^nlcum, 373. 
pulmonale, 8741 376. 
stbiiicum, 373. 

Mrnthulatum, 378. 

Distomum, felineum, 373. 
hmtiihtobium, S76. 
hepaticumf 872. 

UnceoUtum, 373. 
rathouisl. 872. 

^VSrUcttla, intestlntil. 200, 774. 

Dlverttculum 774. 

SW.”*- - 


4dns;rlm, 215, . 
^ 4uodenalis, 86t. 
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ulus medinensla. 

pS ips^ ^ 96, 96, rft, 807: appendicular, 215, 
tS; cardiac, 98; epidemic, 681; fit 
Sllll*b1a6Mtor, 807; in congestion, 45. 


Drowning, 708; lungs In, 708, 

Drugs, immunising Influence of, 33. 

Drusen, of choroid, 1046; of Descemet’s mem- 
brane, 996. 1007; of optic papilla, 1056. 

Duchenne's paralyds, 604. 

Diicrcy, bacillus of, 875. 

Duct, lachrymal, 974; nasal. 974, 976; ovi-, 261, 
477, 880. 901; ^minal, 869. 

Ductless organs, 844. 

Ducts, villous tumors of, 222. 

Ductus botalll, 191. 
choledochus, duplication of, 205. 
thoracic, occlusionu of, 96, 660. 

Duodenitis, catarrhal. 750. 

Duodenum, arterlomeiienteric occlusion of, 
772; diverticulum of, 200, 774; tuber- 
culosis of, 459; ulcer of, 768. 

Dura mater, endothelioma of, 304; hematoma 
of. 213; hygroma of, 691; osteoma of, 
591; psammoma of, 240; relations of, 689; 
sarcoma of, 303; syphilis of, 653. 

Dysentery, 393, 520, 526; amebic, 393; bacillus 
of, 520: liver abscess in, 393. 

Dysmenorrhea, 89.3; membranous, 893. 

Dyspnea, 714. 

Dysthyroldism, 713. 

Dystrophy, corneal, 979. 


Ear, external, furuncle of, 1089; hematoma 
of, 21.3, 10H8; inflammation of. 1089; my- 
cosis of, 418; tophi of, 143. 
middle, catarrh of, 1091. 

Eburnat’.o, 903. 

Ecchondrosos, 229; laryngeal, 229, 724; tra- 
cheal, 229. 

Ecchymosis, 54, 211, 943; conjunctival. 969; 
cutaneous, 61, 943. 

Echinococcus, brood capsules of, 385, .386; of 
liver, 799; multilocularis, 388, 799; poly- 
morphus, 385; unilocularis^ 385. 

Echinorbynchus gigas, 367. 

Eclampsia, 324, 341; gravidarum, 341. 

Ectasis, ampullar, 659; arterial, 34; bron- 
chial, 724; cardiac, 63.5; sacculated, 724; 
scleral, 1004; simple, ^8; of spinal 
medulla, 615. 10.54; stomach, .346, 772, 774; 
tracheal. 724; venous, 69, 659; ventriculo- 
Tiiin cerebri, 615. 

Ectopia cordis, 189, 198, 206. 
lentis, 1012. 
vesieae uilftiarise, 198. 

Ectopic pregnancy. 895, 896. 

Ectropion, 1075, 1083, 1084, 1085; of uveal pig- 
ment, 1022. 

Eczema, 296, 419, 948; carcinomatous, of 
breast, 296; marginatum, 419; palpebra- 
rum, 1083. 

Edema, 95; arachncudal. 593; arthritic, 1082; 
cerebral, 608; eircumscHbed. 1088; con- 

S ested, 946; conjunctival, 947; cyclic, 1082; 

urum, 102; dyscrasic, 946; eleatlc, 946: 
fluxional. 946; fugax, 99, 946; in gangrene. 
102; glottis, 100, 720; Ivanoff’a, 1082; 
laryngeal, 100; lymphatic, 102; malignant, 
573; neurotic. 1082; painful. 99; palpebral. 
1069, 1082; papillary, 946; pulmonary, 96, 
101, 103, 539, 705, 710; purpuric, 1082; 

renal-pulmonary, 103; retinal, 1068, 1069; 
serum. 1083; tactile, disturbances in, 101. 
Ehrlich, Immunity theory of. 22; eide-ebatn 
theory of, 21. 

Ehrllch-Hata. ‘^606‘* remedy, 329. 

Eimeria stiedae, 398. 

Electricity, action of, 8, GO. 

Elephantiasis, 103: acquired, 218; arabum, 
218; congenital, 217; fusca, 217; hard. 217; 
Imvls, 2t7; nigra, 217; nodosa, 217: papil- 
lary. 21^ scrotal. 216, 358; soft, ^7; 
teleangiectodss. 318; tuberous, 317: ul- 
cerative, 2X7; vef^ucous, 217; vulvar, 90X. 
Elimination, 3, 104. 

Emaciation, 114« 327. 
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Bmtkolt* nir, Ui 86; eoxnpotitiaa of. 

86; entosoa aa. Ui tat. 83» 886; foreign 
bodiea aa. 86; Inteetlooa^ 85; gat, 84; 
nature of* 88; ucduding. 86; organ cells 
as, 83; riding, 88;. alae of, 87, 81. 

Smbolism, 58. 81; air. 81; oaidliaiT. 87; of 
circle of WlltlB, 686; collateral hyperemia 
in, 86; of coronary artoiiea. 632; fat. 83; 
as cjiuae of gangrene, 127; intestinal 
hemorrhage in. 766; local anemia in, 86; 
multiple, 86; pulmonary, 727: retinal, 
1070; septic, 728; aeaueUe of, 85, 81: 
symptoms of. 82. 

Bhbbolus, dehnition of, 81. 

Simbryotoxon. 879. * 

Emigration, leucocytic, 55, 164. 

Emphyaema, alveolar, 706; bullous, 708; con> 
lunctival, 874; cutaneous, 947; Interstl^ 
tlal, 706; orbital, 1075. 

Emphysematous gangrene, 126. 570. 

Empyema, 174, 540, 712; pericardial, 624; 
pleuritic, 734. 

Emulsion stadium, in fatty degeneration, 117. 

Encephalitis, congenital interstitial, 598; 
syphilitic. 654. 

Encephalocele. 1074. 

Encephalomalacla. 80, 

Bncephalomeniogitis, 595; tuberculous, 468. 

Encephalopathy, lead, 327. 

Enchondroma, 232; albuminosum, 232; gela- 
tinosum, 238; molle, 233; myxomatodes, 
228; mucosum, 233. 

Endoeortitls, 656; deformans, 665. 

Endoarteritla, 657. 

Bndocarditia. 638; adhesive, 641; chronic. 641; 
malignant, 646; In typhoid, 515; uicera* 
tive, 648. 

Endocardium, atrophy of, 638; sclerosis of, 
639; thrombi of, 645; tumors of, 649. 

Endoeervicttis, chronic, 879. 

Endochorion, 227. 

Endometritis, catarrhal, 885; cystic, 834; 
decidual, 893; diphtheritic, 887; fibrous, 
556; gonorrheal, 496; glandular. 885; in- 
terstitial, 885; purulent, 887*. syphilitic, 
566; tuberculous, 477; villous, 886. 

Bndosmosis, 3, 104. 

Endospores, 426. 

Endostitis hyperplastica. 928. 

Endothelioma, 303; alveolar, 304, 306; of 
ciliary body, 103X; conlunHival, 971; 
hemangto-, 304; hyaline, 305; of iris, 
1026; lynmhangio-, 305; orbital. 1080; 
ovarian, 8^; of palate, 306; of parotid 
gland, 305; submax Jilary, 305, 

Endotoxins, 20, 175, 429. 

English disease, 910. 

Engorgement, 40; pulmonary, 536. 

Engoulement, 586. 

Enophthalmos, 1076. 

ExMMitosis, 238. 

Bntamcsba coll. 892. 
dysenteries, 393. 
histolytica, 383. 
miiis, 392. 
tetragena, 393. 

Enterttls, catarrhal, 752; fibrinous, 766; mem<' 
branous, 751; pigmentosa, 134; polypous, 
256; tuberculous, 469; ulcerative, 760. 

Efiteroeatharsts, 568. 

EnteroUths, 148. 

Entsrophthlsis, tuberculous, 459. 

Entosoa, 848; as emboli, 84. 

Eutmpion, 961, 966, 1085. 

Ensymes, pputeoiyiic, 176. 

BesCm^tlk, 29* 664; as sign of auapbylaxls, 
661: in aitiiiiUL 716. 

Sosinophille gells. in asthma, jfl6; in con^* 
Junettvitls. 967. 

Ependyma, glioma of, 614. 

Bp^ymitls, 614; grauular, 241, 595, 

Epheildes, 181, 137. 

aphemerao poisoaing, 836, 


EpioaiicL 

Emdehilc drow, SSt 
Epidermis, sphei^, 

Epklermlsntlon, 103. 

Epididymitis, 868;. tuberculous, 475. 
Epigastrlus, 203. c * 

Kplgnathus, 203. " ' 

Epilepsy, Jachsonian, 237. 

Epiphora, 1084. 

Epiphyte, 430. « . < , 

Episcleritis, 999, 1000. «* 

Epispadias, 198. 

Epistaxls, In amenorrhea, 61; In heart dis- 
ease, 61. S' 

Epi tarsus. 966. 

Epithelial onions, 280; pearls, 280. 

Epithelioma, 279, 280; bancroid, 2^; of cervix 
uteri, 297; con^gio8um,*X0. 

Epttheliosls oonjunctlvie, 961. , * 

Epithelium, metaplasia of, 108. 

Epitoxons. 28. 

Episoa. 348. 

Epulis, 248. 

Equator, of crystalline lens. 1006. 

Equatorial staphyloma. 1050. 

Equlnla, 490. ' 

Erb's disease, 700. 

Erectors, of hairs, 52. 

Ergot gangrene, 128 ; poisoning, <332. 

Ergotfn poisoning, 232. ' 

Ergotism, 128, 332. 

Erosion, of cervix uteri, 878; hemorrh4!kic, of 
intestine, 769; of vessels, 55, 66, 67, ^ 

Erysipelas, 493; in gangrene, 127; periteneal,. 
782. 

Erythema, 943, 949. 

Erythroblastoma. 253. 

Erythroblasta, 675. 

Erythrocytes, destruction of. 133; in malaria. 
410. 

Erythromyeloblastoma, 253. 

Eserine poisoning. 337. 

Esophagus, carcinoma of, 290; tuberculosis of. 
459. 

Esthiomene, 482. 

Estlvoautumnai fever, 406. 

Ether poisoning. 333. 

Ethyl -bromide poisoning, 338. 

Etiology, general, 6. 

Eugastrlus, 203. i 

Bvstaebian tube, diphtheria of, 1093; occlu- 
sion of, 1093; syphilis of, 1093; tuber- 
culosis of, 1093. 

Eustrongylus gigas, 366. 

Excoriations, 949. 

Exercise bone, 142, 239. 

Exltus lethalis, 5. 

Exocborlon, 227. 

Bxopbthalmla, 243, 742, 1076|i 1083; tungosa, 
248. 

Exophthalmic goiter, Qraefe’s symptoms of, 
738, 1083. 

Exophthalmos, 742; in Graves's dlsagte, 742; 

Intermittent, 1076; pulsatigg* 

.Exosmosis, 3, 104. 

Exostosis, 217, 236, 929;^ articular, 2881 alt* 
veolar, 238; apophyGc, of ahdimrir 
canal, 1093; discontinuous, 238s sbtttueis, 
237: Ivory, 1078; subungual, 288s iUPTs* 

caxttlaginary, 237; tenainous, I8I» c 

Ejmtoxins, 429. , > 

Bxtrauterlne pregnancy, 895. 896w , ' ‘ 

Extravasate, Insplssation ox, 90; omMsatt^ 
of, 70; pigmentation ^ simsixhtig 
70. •' ‘ ^ 

Extravasation, 54; tumors, Sit. 

Bxuddtes, 98; catarrhal, 176: epshpovs, m 
diphtheritic, 178: fibrinous, m M 
bemorrhairic, 67. 178 r mnocriM, 176. 7^ 

^ pseudomembranous, ITS; pumi, ITT 
* serous, 178. « 

Exudation tumors, 212. 
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Bye. oyvtioercuB of, 974: dlBeasei <of, 9^ 
liydatld of, 974; Violanoaarcoma 
oj('947; ayphUia 661 (aee also Cor- 
Haa, Coniuaotiva, Choroid, Lena, Retina. 
Selera^ Vitreous). 

ByehaU, luxation of, 1076. . 

Byelida. ad«nom|ta of, 106$; angioma of, 263, 
,9tl; chancre of, }087; cUla of, 1080; cysts 
Of. 1066; ‘eczema of, 1083; edema of, 1080- 
^physema of. lOf^; fibroma of. 1086 
glflSiw of,« 10^; hypertrophy of, 1083 
moUusoum econtagioeum of, 1087; papn> 
loma of, 1086; parasites of, 1087; syphilis 
^of, 1086. 

FacettfO. oomeal, 983, 998. 

Faoles hippocratlca, 

Fagopyrlam. 58(L- 

Fatllog of ialif^lO, 962. « 

Fatlopian tubes, carcinoma of. 901; catarrh 
0 ^ 860; myoma ^f, 261; tuberculosis of, 
477. 

Farcy, 490. 

Fascia, tuberculosis of, 478. 

Fasciculus, v'ascular. 988. 

Fasciola hepatlca, 372. 
a Faseiolopis buski, 372. 

Fastigium, 182 . 

Fat, absorption of, 118; in blood, 681; em- 
bolism, 93, 685, 730; depot, 156; granule 
cells, 117; jjbbile, 157; necrosis, of hpo- 
mata, 226; retention, 118; stabile, 156; 
tissue necrosis, 124, 141, 813. 

fi'atty acid crystals, 129, 731; In pulmonary 
gangrene, 731. 

Fatty d^eneration, 166; of aorta, 119; emul- 
sion stage of. 117. 

metamorphosis, 116; of cornea, 119; of pul- 
monary exudatu, 719. 

Favtts, 418; of lids, Wi87. 

Febrfs undulans, 621. 

Feces, stagnation of, 762 

Fellx-mas poisoning, 336. 

Fslon, 946. 

Femur, fracture of. 907. 

Ferment, fibrin, 73. 

Ferretn, pyramids of, 816, stars of, 822. 

Fetal ring, 979. 

Fetus, bronchiectasis in, 726, dead extra- 
uterfne, lS!4: in fetu, 203 

Fever. 181; 4frican, 503, aseptic surgical, 
181; black- water, 133. 407, 676; brepk- 
bone, 621; chill stage of, 182. continued. 
183; dandy, 621; enteric, 607; estivo- 
autumnal, 406; famine. 602; gas exchange 
In. 1B4; hay, 760; hospital, 565; Initial 
stage of. 182: intermittent, 183; jail, 666; 
iwarial, 133, 400; Malta, 521; Mediter- 
ranean, 521; paratyphoid, 616, 618; pa- 
teohlal mosulated, 666; puerperal, 894; 
putrid, 666. quartan. 409; quotldUn, 407; 
reeUrrent, 602; relapsing, 602; remittent, 
184; Rocky Mountain, 566; ship, 663;. 
•alentc, 4w; spotted, 665; tertian, 408;^ 
im, 603, $66; tropic, 406; typhoid, 607 
^e also Typhoid); typhus, 666; yellow, 

Flt^n* ferment, 73f wedge. 90. 

Firntnogen. 7F 
‘^brlnopla^lc substance, 73. 

SblkSts, 166, • 
hdothelloma. 304. 

818; of breast, 221. 82S: of cornea. 
1^; fDIhifuiii, 218; of gall-bladder, 220; 
Ivsbrnplastic, 224; interstitial, 218; in- 
lAtiSlt 776; tniracanalioular, 221, 222, of 
.ekl^ey, 208: mammeet, 21K; mucusum, 224; 
ilfsr, mj ossittm, 284: ovarl|n, 220; 

netrlficans, 224; renal, 

^ of selera^ 1004: simplex, 224; of 
JHB; of moTta, 220; testicular, 
213; of urinary bladder. 


I 

Fibromyoma, calcification of, 142; ovarian. 

261; uterine, 898. 

Fibroneuroma« 261. 

Fibrosarcoma, 250, 261. 

Fibrosis, arteriocapillary, €36. 

Ficus. 223. 

Fig wart. 223. 

Fllaria, baocroftl, 358; diurna, 369;* loa, 358; 
medinensis, 368; ocult, 358; Persians, 360, 
philippinensis, 360; sanguinis hominis, 60. 
538. 

Fire-mark, 264. 

Fish, poisoning by, 337; skin, 952, tuber- 
culosis. 438. * 

Fission fungi, 423. 

Fissura vertebral is, 19?. 

Fistula, 173; anal, 766; corneal, 982; lachry- 
mal, 976; rectal, 766; salivary, 814; 
seminal, 476; tracheal, 198. 

Fixative, 27. 28 
Flagella, bacterial. 426. 

Flagollata, 393. 

Flat-foot, 922. 

Flea, 349. 

Fluke rot, 372. 

Flukes, 372. 

Fluor albus, 877. 

Fluxion, 35, 36; collateral capillary, 728; 
sicondary, 37. 

Fly agaric, poisoning by, 316. 

Fly, storm, tsetse, 395 
Fly fungus, poisoning by, 335 
Foamy organs, 571. 

Follicles, intestinal, polypous hyperplasia of. 

256; trachoma, 960 
Fontana, spaces of, 1017. 

Foot disease, 581. 

Foot and mouth disease, 492. 

Foot vaiior, 581. 

Foramen, optic, 1073, ovale, patent, 82. 

Foreign bodies, a» emboli. 85 
Fovea centralis, 1068, 1061. 

Foxglove poisoning, 3,35. 

Fracture, bony, 905; cartilaginous, 906, com- 
minuted, 910; spontaneous, 905, 934. 
Fruinbesia, 588 
Frock les, 131, 137. 

Freezing, 128, 949. 

Frigidity, In congestion, 44. 

Frost-bite. 128. 

Function, 3; organic, 104. 

Fungi, acltloropbyllous, 414; budding, 423; 
fission, 423 

Fungus, beuignus, 476, 868. cerebri, 197; 

dursD matrlK. 250; hematodes, 243. 

Funnel chest, 914. 

Furuncle, 947, of car, 1081^ malignant, 488. 


Galactocele, 892. , 

Gall-bladder, carcinoma of, 299; dropsy of, 
807; fibroma of. 220, tumors of, 809. 
Gall-stones, 299, 807; in hepatic carcinoma, 
299. 


Galloping consumption, 465. 
syphilis, 658. 

Gametes, 397. 402, 410. 

Ganglion, 938. 

Ganglion cells, atrophy of. 115. 603; calcifica- 
tion of, 141. 

Gangrmna humida, 125; nosocomialis, 672; 
putr(>8contfa, 126; sicca. 126. 

Gangrene. 46. 123; black, 102, 127; pauses of, 
124, 666; etrcumscflbed, 126; cold, 1S9); 
colorless, 127; diffuse, 126; dry. 125; em- 
bolism In, 127; emphysematous, 126, 670; 
ergot, 128; In erysipelas, 127; fatty acid 
crystals in. 731; gaseous, 126, 670; hos- 
pital, 126, m, 672; hot, 123; Intoxication 
' In, 127^ marasmlc. 180; moist 126; 
pharyngeal. 128; pulmonarj'. 127, 129, 640, 
642, ^9, 725. 731; senile, 130, 656; sym- 
metric, 128; valerianic acid In, 126; 
vesicles, 126; while, 102, 127; yellow, 127. 


* 
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Garotlllo, 6^. ’ 

Oas emboU, 84; poisonlitg. 314. 

Gaseous emphysema, 670. ^ 

gangrene, 126, 670. 
phlegmon, 670. 

Qastrectasls, 769, 772, 774. 

Gastritis, catarrhal, 749; fibrinous. 766; in- 
terstitial, 764; parenchymatous, 765; phleg- 
monous, 765; verrucous, “66. 
Gastroafienltis, 766. 

Gastrofilscus, hominis, 871. 

Gastrointestinal canal, amyloid degeneration 
of, 149. 

Oastromalacia, 764. 

Qeiebock’s disease, 6SS, 

Generalization, of tumors, 209, 

Generation, asexual, of malaria parasite, 405. 
Generative organs, female, atrophy of, 120. 
Genu valgum, 915; varum, 915. 

German measles, 664. 

Gestation, ectopic, 895. „ 

Giant cells. 167; foreign body, 1078; In sym- 
pathetic ophthalmia. 1033; iu tubercle, 
436; varieties of, 437. 

Oibbus, 917. 

Gigantism, 201. 

Gingivitis, 577. 930. 

Gland, pineal, 616; pituitary, tumors of, 616. 
Glanders, 490. 

Glands, carcinoma of. 284; Henle's. 953; hy* 
pertrophy of, 111; Krause’s, 958; lach* 
rymal, 974; Meibomian, 961, 1080; Moil’s, 
1080; surface section of, confusion with 
carcinoma neats, 270; palpebral. 1080; 
Waldeyer’s, 1080. 

Glandular carcinoma, 284; organs, atrophy of, 

121 . 

Glaucoma, 1017, 1047; of childhood. 989, 1051; 
etiology of, 1048; gout and. 1049> heredi- 
tary, 1049; of Infancy, 1051; inflamma- 
tory, 1047; Iridectomy in, 1049; primary, 
1047; secondary. 1049; simplex, 1048. 
Glioma, 241; of cerebral nerves, 242; durum, 
241; endopbytum, 1071; ependymal, 614; 
exophytum, 1071; myxomatodes, 228; or- 
bital, 1080; retinal, 243, suprarenal, 

620. 

Gllosarcoma, of brain, 610; retinal, 243. 
Glloneuroma, 261. 

Olisson, capsule of, 789. 

Glomeruli, renal, 817; fat embolism of. 84. 
Glossina, furca, 395; morsltans,^ 395; pal- 
lidipes, 396; palpalts, 395. 

Glossitis, catarrhal, 752. 

Glossy sldn, 120. 

Glottis, edema of, 100, 495, 720, 

Glycogen, 145. 

Glycosuria, intoxication, 898. 

Goiter, cystic, 740 742: endemic, 742; ex- 
o^thalmic, 738; Oraefe’s symptoms of. 

Coll, columns of, 605. 

Gonococcus, 955, 903. 

Gonorrhea, 496, 853, 874, 931; arthritis In, 
497, 931; neonatorum, 497, 955, 962. 

Goose breast, 914. 

skin, 52. 180. 

Gorontoxon, 978. 

Osutj^, 148, 342, 684, 1049; glaucoma and. 

Graafian folUeles, 882, 883. 

Qtaefe’s symptom, 1083. 

QikiUng, 362. 

Oranuinr oeUs, 117. 

Granuihtldi ttisne, 166, 179. 

baaopbiiic, 681; Paochlonian, 

gtnimtet, 968. 

GKVPiiltomg, Ifodlrina’s, 263, 256. « 

Gmy dogeneratlon, of spinal cord, 604^ 

Green siokiuMui, 677. 

Grecnrtnida. 898. • 

ChrSKfvWfdal reaction, 617. 


Quiued-Trorm, 868. 

Gumma, 647; choroidal, 1014, 1037; of iris. 
3023, 1089; of optic nerve, 1055; orbital, 
1077. ’ . 

HatrineM, abnormal. 201. „ * 

Hairs, erectors of, *62; falilnv of, 952. 

Hallux valgus, 922. 

Haptophors, 22. 27. 

Harelip, 197, 198. * • ^ • 

Harvest bug, 854. « 

Hasner's valve, 974, 

Hassairs bodies, 106. 

Hay fever, 760. » 

Head-louse, 351. 

Head zones, 947, 1033. 

Healing, 0, 162; of wounds, 162. 

Heart, aneurism of, 622, 632^ athletes, 037; 
atrophy of, 138 .-r block, fm; 4oer drink- 
ers', 6^; brown atrophy of, 138; • cdlclfi- 
. cation of, €31; in general congestion, 42; 
dilation of, 635; embolism of, 632; fatty, 
107, 110, 119, 626; state of, after death, 52; 
hypertrophy of, 634, 637; hypoplasia of, 
193, 678; insufRclency of, ,629; lesions of, 
hemorrhage in, 57: paralysis of. 62, 628; 
rhabdomyoma, 256; rupture of, 631; syph- 
ilis of. 6.34: tumors of, 6.38; valvular 
lesions of, 640; weakness, 43.« 

Heart disease, dropsy In, 99; ^istaxls in, 
61; significance of, 644. « 

Heart-lesion cells, 57. i 

Heat, effect of. 8. ^ 

Helne-Medln’s disease. 601, 

Helvella esculents poisoning, 315, 321, 3.3<f. 
Hemangioma, 266; conjunctival, 971; orbital, 
1077. 

Homan glosarcoma, 304; eudothelloid, 304. 
Hemarthrosls, 930. 

Hematcmesls, 67, 68. «• 

Hematocele, 867. 

Homatoidin, 182; crystals, 70; infarcts, 844. 
Hematoma. 212; auricular. 2i3; of dura 
mater. 213; of muscle, 214, 514; ovarian, 

212, 882; prepatellar, 939; retrouterine, 

213, 891; suprarenal, 212. 213; in typhoid 
fever, 514; uterine, 214; vaginal, 212; 
vulvar, 212, 891. 

Hematocolpos, 891. « 

Hematometra, 891. , 

Hematopoietic organs, 688. * 

Helaatosalpinx. 8^. 

Hematothorax, 734. 

Hematozoa. 348. 

Hematuria, essential, 823; usUatOral, 828. 
Hemeralopia, 1034, 1066. 

Hemlock poisoning, 330. 337. 

HemScranIa, 187. 

Hemiptera. 851. 

Hemochromatosis, 184. ^ 

Hemoconta, 663. 

Hemofuchsln, 134. 

Hemoglobin emla, 1.33. 315, 676. 
Hemoglobinochoila, 676. 

Hemoglobinuria, 183, 315, 407, 676; intermit*- 
tent, 676; paroxysmal, 676, 

Hemolysins, 26, 320. « 

Hemolysis, 220, 676. , 

Hemolytic system, 821. 

Hemopericardium, 022. . 

Hemophilia, 63, 684; eaussof, 64; renatf 64. 
Hemoptysis, 468. 

Hemorrnage, abdominal, 785; amofint to 
cause death, 68; arterial, 59^ lb Barlow's 
disease, 63: cspUlary, 56; ^eausei dt 56; 
cerebral, 608; in chronic disease, ml at 
climacteric, 54; eompSnsdtion im 
cottitthetivat, 969; in ecnyiidtinm 
dmiirwinjii; bst 

•in nemnimtiia, in hSmdrviMiL 65; 

in hypersmia, 89; in acute luffiieiietMrdU- 
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H«xx9tfprbftge (^mciuded). *. • 

' €|&eB, (fO; Internal, 66; Internal ear, 1696; 
Inteitina;!, 769; liftent/66$ in leukemia, 
62; mode of arrest of, 71; during ovula- 
tion, 64; pancreatic, 811; parenchymatous, ’ 
* 66; In perniplous anemia, 62; pulmonary, 
66, 458; punctiform,* 66; purpuric, 63; 

‘ retinal, *62: per rbealh, 55; from Schis- 
tosomum haematobium, 60; scorbutic, 62; 

• imneurvy. 62;* unRateral renal, 65; vas- 
cular chawes in, 59; venous, 56; vitreous, 
1013; In werlbof's disease, 63. 
Hemorrbagin, 320. 

Mexnorrhoids, 265; hemorrhage In, 65. 
Hemosiderin, 132, 133. 

Hemtsporidia, 398. * 

Homosoin, 675. * • 

Henbane poisgolng. 837. 

HeiUe's vbers, 1059, 1061; glands, 953, 973; 

looh, of kidney, 816; warts, 996. 

Hepar moschatum.WOl. 

Hepatitis, diffuse, 550; hypertrophic, 797; in- 
terstitial, 798; parenchymatous. 794; por- 
Ui, 797;. syphilitic, 649. 

Hepatisstion, caseous. 454, 540; caseous, of 
lung, 454; •pulmonary, 454, 536. 540, 555, 
718; red, 536; white, of lung, 555. 

Heredity, 8. 9. 10. 

Hermaphraditism. 193. 

Hernia, 198, V>9, 769. 770; congenital, 199; 
inguinal. 770; peritnueal. 199; strangu- 
lated, 769: umbilical. 198. 

» Herpes, corneal, 989, lOSJl; febrilis cornea*, 
.989, 996; facialis, 947; Iris. 963; iabiolis, 
947; ophthalmic, 989; preputlalis, 875; 
tonsurans, 419; versicolor, 420; zoster, 
947, 108.3; Head zones and, 1033. 
Heteradc^iphia, 201. 

Heterochromia irldta, 1027. 

Heterophyes betenmhyes, 374. 

Hexacanth, 377. 

Highmore, antrum of, catarrh of. 712. 

Hip, congenital luxation of, 932; spastic lux- 
ation of. 932. 

Hlppus, 1020. 

Hirsute adnata. 201. 

His, bundle of, 630. 

Histolysis, 175. 

Hives,. 948. • 

Hodgkin’s d^ease, 253. 255, 674. 

H^k-foot, TO 

Hookworm, 367, 368. * 

Hordeolum, external, 1084; Internal, 1084. 
Hormones. 344. 

Horns, cutaneous, 950, 1086. 

Horseshoe kidney. 193. 

Hospital fever, &S5; gangrene, 128, 525, 572. 
Hottentot apron. 901. 

Hour-glass stpmach, 769. 

Humpback, 9t7. 

Hunger, 116, 

Hyaline cartilage, fibroid degeneration of, 108i 
Hyaline degeneratioa, 150; intestinal. 779. 
Hyalitta. 1013. 

Hyaloid canal, 1012. 

membrane, of vitreous, 1012. 

Hydatid cysts, 386, 1078; of eye, 974. 
Hydrartbr^s, 930. 

Hydremia, 98, 982; marantic, 99. 

Hxdrocele, 896 ;• cerebral, 197; cystic, 867. 
Hydipoephalocete, 197. 

Hpdroeephalus, 923; arqulred, 614; acute tn- 
iertiailL congenital, 614; chronic, 695, 
fiuld of, 98; internal, 614. 
Hy|roey«mi« field poisening, 3H. 

sUlphureted, poisoning by, 126. 315. 
sle, 197. 

, 197. • 

jrotls. 835. 
cfirdium, 622. 
bta 669 

96;' fl»]^dleeal. 755, 788; m 

M; OMiMcSo, 99, 109; Cftlidufi, 
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Hydrops (concluded). 

cause ot^; change of organ position in. 
101; chyioti^ 96, 660; cysticus fellese, 807; 
ex vacua, 693; free, 95; frigidus, 100, 779; 
gravitation, 99; inflammatory, 100; lym- 
phatlc, 96, 99; paralytic, 99; renum 

cysticus, 831; spurious, 95; symptoms of, 
100; true, ^5; of vermiform appendix, 
755, 785. 

Hydropsic fluids, constituents of, 96. 

Hydrorrhachis externa, 593. 

Hydrosalpinx, 880. 

Ilydrothorax, 734; lymphatic, 100, 734. 

Hygroma, 214; of dura mater, 691; gangliold, 
938; prepatellar, 938; proliferans, 939. 

Hymen, anomalies or, 190; atresia of, 199; 
hemorrhage from, 63. 

Hytnenolepig, murina, 380; nana, 879. 

Hyoscyamus poisoning, 337. 

Hypalbuminosls. 683. 

Hyperalburainosis, 683. 

Hyperemia, 34; active, 35, 58; arterial, 35; 
capillary, 35; collateral, 36; causes of. 36; 
desquamation in, 39; elevation of tem- 
perature in. 39; In embolism, 86; hemor- 
rhage in, 39; hypostatie, 7tl; Irritative, 
38; passive, 35; pulsation in, 39; swell- 
ing in, 39; venous, 35. 

llyperinosis, 682. 

Hypernephroma, 850. 

Hyperostosis, 217, 2.36, 904. 905. 

Hyperplasia, 105; thymus, 256, 699; true, 2.53; 
tumor-like, 253. 

Hyperpyrexia, 182. 

Hyperthyroidism, 743, 744. 

Hypertonia, 1047. 

Hypertrichiasis, 201. 

Hypertrophy, 105, 109; active, 110; of adipose 
tissue. 111; cardiac, 634, 637; compensa- 
tory, 110; compensatory, of organs, 160; 
glandular, 111; kidney, 835; of lungs, 111; 
of milk glands, 112; muscular, lio; mye- 
lin, 113; of nerves. 113; prostatic, 112, 836; 
renal cardiac, 635; tonsillar, 255; tra- 
bet’ular, UO; uterine, 890. 

Hyplue, 415. 

Hyphemia, 1027. 

Hyphomyceles, 415. 

Uypinosls, 682. 

liypodertna bovis, 350; dtana, 350. 

Hypolcucocytosis. 663. 

Hypophyfts, 616; tumors of, 616. 

Hypoplasia, 113; In chlorosis, 67K. 

Hypopyon, 981, 98;j. 1018; aspergillus In, 996; 
Baccharomyces in, 996; ulcer, 984. 

HypOBurca, 946. 

HypoBccretion, sebaceous. 944. 

Hypostasis, 42. 51; pulmonary, 71L 

Hypostatic pneumonia. 711. 

llypsicephaluB, 924. 

lebthyoBiB, 952. 

Icterus, 94, 803; acathectic, 136; acholytlc, 
800; catarrhal, 751; diffusion, 136; gravis, 
340, 347, 803: green, 804; hemolytic, 800; 
hepatogenous. 804; Itevis, 803; in lead 
poisoning, 326; neonatorum, 135, 136; in 
phosphorus poisoning, 327; pleiochro- 
mlcus, 135; In pneumonia, 542; toxic, 135; 
vlridis, 804, 805. 

Idiocy, amaurotic family, 1066. 

Idiosyncrasy, 2, 12. 

Idlotia thymopriva, 699. 

lleotyphus, 508. 

Ileum, catarrh of, 752, 766; diverticula of, 774. 

Ileus, duodenal, 772; paralytic, 783. 

Immune body, 26, 27, ^1. 

Immunity, 9, 12, 480; absolute. 9, 12; ac- 

S ulrwf, li 29, 411; active, U; artlflolal, 
btochemic tectors in, 19; chemlc fac- 
tor« in. 19; Bhrtteb’s theory of, 22; famil- 
ial, 13; forme ^f, 15; hereditary, 2: In- 
dividual, 13; local, 9; natural, 12, 4tl; 
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Immuntty (ronflfidecf)* 

partial, i2i paauve, 14, $1; permanent, 13,* 
racial, 18; relatiire, 9, 12; alde-cbaln 
tbeorjr ot, 21; UMpe, 449; translant, 13. 

Immunlzatioii, 19. 

Inanition, 114. 

InOiuaio tcetalis, 208. 

Incontinence, cardiac, 42. 

Indnraiion, 45, 139, 180, 458, 709; brown, of 
lungs, 46; in congestion, 46; slaty, 139, 
468. 709: slaty, of lungs, 458, 709. 

Infantile paralysis, 601. 
tetany, 746. 

Infants, beriberi in, 585; conTulslons in, 783; 
glaucoma of, 105l; summer diarrhea of. 


Infarction, 58, 88; hemorrhagic, of posterior 
ciliary artery, 1005; of kidney, 124, 148, 
821, 849; pulmonary, 90, 727; myocardial, 
688; renal, 124, 148, 821, 849; splenic. 90, 
691; of stomach, 58; uterine, 41, 891. 

Infarcts, bilirubin. 186; anemic. 90; concre- 
ment, 90; congestion, 727; hematoldin, 
844; lime, 143, 846; methemoglobln, 60; 
pigment, 821, 843; silver, 845; thrombotic, 
727; tuberculous, 471; uric acid, 845; 
white, 90. 

Infection. 14, 176, 427; conceptlonal, 428; self- 
limitation of, 19; 501. 

Infectious diseases, 436; acute, hemorrhage 
in. 60; protection ogahist. 15. 

Infiltration, 62; fatty, 791, 792; hemorrhagic, 
66; hydropslc, 96, 101; leukemic, 672. 

Infiammation, 158, 162, 163; adhesive, 162; 
difference from degeneration, 158; essen- 


tials of, 169; exudative, 172; parenchyma- 
tous, 171; productive. 180: purulent, 173; 
sequels of, 179; signs of. 163. 

Inflammatory spindles. 980. 

Influenza, 522. 

Infusoria, 414; diarrhea from, 414. 

Inguinal hernia. 770. 

Injection, vascular, 38. 

Inoculation, protective, 4.72. 

Insane, othematoma in, 213; progressive 
paralysis of, 595. 

Insecta, 849. 

Insects, poisoning by, 320. 

Inaplsaatlon, 124; in dropsy, 102. 

Insufficiency, cardiac, 628. 

Intermarriage. Influence of, 2. 

Intermediate body, 27. t 

Intermittent fever. 133. 

Intestine, amyloid degeneration of, 778; car- 
cinoma of, 286, 295; cleft of, 199; diph- 
theria of, 507; diverticula of, 774; follicular 
hyperplasia of, 266; invagination of. 770; 
myiasis of, 351; stenosis of, 441; strangu- 
lation of, 770; stricture of, 762; torsion of, 
771; tuberculosis of, 459; ulcer of, 768. 

Intfma, fatty degeneration of, 119. 

Intoxication, 7, 763; acid, in thymectomy. 
699; fecal, 763; in gangrene, 127; scrum, 
325. 


Intumescentia opaca, 354. 

Intussusception, 770. 

Invamnation, intestinal, 770. 

Invoiucrnm, 927. 

lodlne-Baaedow’s disease, 743. 

Iridectomy, in glaucoma, 1049. 

Xrideremla, 1027. 

Irfdocboroidltls, 1021, 

Iridocyclitts, 1028; metastatic, 993; pneumo- 
cocclc, 993. 

IrldPdialyaiS, 1021. 1027. 

Xridodoneala, 1006, toil, 1020, 1061. 

Iiidoplegla, 1019. 

iHdoachlsts, 1086. 

absence of, 1027; angioma ^of, 1026; 
atnmhy of, 1021; calcareous degeneration 
nf, 10^; cardnotna of, 1026; coloboma of, 
1026;^ cysts of, 1024; dermoids of. 1(^: 
esA^eUoma of, 1026; glioma of, $026; 


Iris (co^diKfod). . 

gumma of, iOzO; hemorrhage of, 1027; hy« 
perenoUa of, $020; leprosy of, 1024; nevus 
of, 1025; perithelioma of, 1026; sarcoma 
of, 1026; sphtnoter of. lOffi syphilis of. 
556. 1023; tremulous, 1020; tuberculoaU of, 
lO^j wounds of, 1018. ^ 

Iritis, 1000, 1018; iwute, 1020; chronic, 1021; 
leprous, 1024; nodular, 1024; purulent, 
1021; recurrent, 102i; syphlUtTc,. 10^; 
tubercular, 1023. 

Irritamentum, 4. 

Irritation, 4. 

Ischemia, 47, 49; capillary, 49; causes of, 49. 
Ischiopagus, 202. 

Isohypevleucocytosis, 669, 

Isolysis, 821. . • 

Itch, 358; barbers*, 419, * 

Itch mite, 352. o 

Ivanoff's edema, 1069, 

Ixodes redivlUB, 354. 


Jaborandi poisoning, 837. 

Jacksonian epilepsy, 237. 

Janlceps, 202. 

Jaundice, 94. 803 (see also Ictq^s). 

Jejunum, diverticula of. 774. 

Jimson-weed poisoning. 337. 

Joint mice, 226, 230. 2.32. 

Joints, corpora libera of. 226, 230, 232; tu- 
berculosis of, 480. * 

Juniper poisoning, 337. 


Kakke. 581. ’ 

Kala-azar, 396. 

Karyokinesis, 159. 

Karyomitosis, 159. 

Karyosome, 402. 

Katayama disease, 376. 

Kedanl mite, 354. i 

Keratitis, annular, 995: band-shaped, 990; 
bulbous, 990; cicatricial, 987; dendriUc, 
991; disciform, 995; fascicular, 988; flla- 
mentary, 991; furrow. 991; gonorrheal, 
497; grill- like, 994; Interstitial, 980, 985; 
lattice. 994; leprous, 995; marginal, 987; 
mycotic, 980, 996; neuroparalytic, 985; 
nodosa, 995; nodular, 994; pannosa, 987; 
parenchymatous, 985; phlyctenular, 986; 
post vaccinolosa, 995: punctate, 995; 
purulent, 980, 983; recurrent', 989; retie- 
u>ar. 994; rodent, 991; sclerosing, 980; 
stellate, 991; striate, 994; superficial, 987; 
syphilitic, 995; traumatic, 981; tuber- 
culous, 995; vesicular, 989; xerotic, 978. 
Kcratocelc, 982. 

Kcratoconus, 988. 

Keratoectasla, 983; c paono, 988. 

Keratoglobus, 988. 

Keratoma, 952. • 

Keratomalacia, 967, 978. 

Kcratomycosls, 99$. 

Keratosis, 1089. 

Kidney, abscess of, 827: adenocystoma of* 
832; amyloid. 149, 848; atrop^ of. 158. 
834; calculi of, 847; carcinoma of, 900, 
860; circulation of, 818;, cloudy swelling 
of, 821; concritlons in, 832, 847; con- 
tracted, 821, 834; cortex of. 8ji6; oyanotio 
induration of, 847; cystoma of, 882; 
dimensions of, 818; fatty begeneratton 'Jf, 
158, 219; fibroma of, 884; function of, V8‘, 
glomeruli of. 817; gouty. 894; Jranuiar 
a^pby of, 158, 824, 881; hema2mma of. 
868; hemophilia of, 64; horseshoe, |$t$ 

frW: iis. ^ 

farets«in, 142: Wpoma of, m: mailiina < 

of, 816; retinitis tn ‘ 

stmoture eg, 8t6; < 

thrombosti of, 8tt; mi 
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Kidney (omwhul^). . t 

MMee of. 8l«: tumors of^«49; urates In, 
158; yellow, 

KlusixiiitoeyteB, *i«7. 

Klabi^X^aefller bkciUus, 628, 954. 963. 
Kn^ock-lcnees, 91% , * 

KonUk’s spots, In measles, 563. 

Kr&nioscbisis, 187. * 

Kraurcwls, of vulva, 90L 
Kra%S4#tf glan% 9^, 972, 973. 

Kreatoxlsmus, W. 

Kryoscopy, 820. 

Ky^bosls, 910, 917. 

Labia jnajora, ulcers of. 878. 

Labium iiporlnum. 1^. 

Labyrinth, ear, 1096; Anal, 816. 

Labyrlnthlpa vdlflgo, 1096.. 

Lachrrnml gland, atrophy of, 976; dislocation 
of, 976; bypertr<y)by of, 976; tumors of, 
976. 

organs, anatomy of, 974. 

Lagophthalnius, 967.. 

La lerinne. 52S. 
tammla Intestlnalls. 394. 

4 ^Laniina <U‘ibrosa,*1052. 
vltrea, 1012, 1028, 1046. 

Landry's paralysis, 607. 

Langhans, gtant cells of. 436. 

Laryngitis, catarthal, 712; erysipelatous, 160, 
495, 720; ‘gbrfnous, 713; phlegmonous, 720; 
sypblUtic. 548; tuberculous. 4:, .3, 
Imryngocele, 724. 

Larygx, carcinoma of. 300; ecchondrosls of, 
229, 724; oesiflcatlou of. 723, papilloma of, 
737; tuberculosis of, 453. 

Lead poisoning, 139, 326; icterus in. 326; 

macles in. .727. 

Leiomyoma, 267. * 

Letshmann-Donovan bodies, .797. 

Lena, crysuillne, anatomy of. 1005; coloboma 
of, 1012; equator of, 1005; false position 
of, 1011; foreign bodies in, loii; luxation 
of, 1011; opacities of, 1006; ossllication of, 
1008; parasites in, 1011; regeneration of. 
160; sclerosis of, I0y7; trauma of, ltK>8; 
wandering, 1011. 

Lentlconus, 1012. 

Lentigo. *137. • 

Leoutlasls. 236.a 

Lepra mutilans, 128. . 

Lepromatu, 995; corneal. 995. 

Leprosy, 630; Asturian, 676; of ciliary body, 
1096; of choroid, 1046: conjunctival, 969; 
eomeal, 995; of iris, 1024; of sclera, 1004. 
Leptomeningitis, 693; optic, 1055. 

Leptothrix bacillus, 425, 428. 

Leucocytes. 66fi; emigration of, 164. 
Leueocytbemia, #71. 

Leuoocytold cells, 167. 

Leueocytosla, 663; agonal. 664; Arnetb theory 
Of, 668; cachectic. 664; digestion, 663; 
eosInopblUe, 664; functional, 666, inflam- 


matory, 664: pathologic. 664: physiologic, 
eiW; pregnancy, 668; puerperal. 663; sig- 
uifloauoe of, 666 l terminal, 664. 
Leueodarma, IM. 

XfOUdOma, 966, m: corneal, 998, 99S. 
LeUd^ia, 663. ^ 

iMuoollakia, 763. * 

Laup^aa, 877. 

L«tteSbrc^jJ040. 

tjeunLUsiiiiar ' 673. 

X#su1c«iiila, 870; coujunotlyal doposlts In, 971; 
bmmbage In, 62; IMpbatle, 264, 671; 
Ameboid, 671; meduflBry, 254: mixed. 
<1 ^; mrologenous, 256, 671; retlniVs In. 

Um, 88$. 1086. • 


mint, of ^omtglUne leni, 1005: lateral, 
aqma ^ MO; pectinate* 1017. w 


iii-f* 

Ligation, of vessels, 75. 

Lightning, effect of, 8. 

Lime infarcts, in kidney, 846. 
metastases, 94. 685. 

Llnguatula rkinarla, 355. 

LinguatttUd&e. 355. 

Lip, carcinoma of, 273. 

■ Llpochromes, 134. 

Lipoids, 157. • 

Lipoma, 224; arborescens, 226; colloid, 225; 
capsulare, 226; conjunctival, 972; durum, 
225; fibrous, 225; intestinal, 775; molle, 
225; ossificans, 225; petrlflcum, 225; poly- 
posum, 226; telealigiectodeB, 225. 

Lipomata, 224; abdominal, 786; abscess of, 
225; hyperplastic. 2^4, 225; heteroplastic, 
224, 226. 

Lipomatosis, 107, 156; cardiac, 625; pan- 
creatic, 812. 

Liquor Banguinis, 96. 

Lithiasis. 140, 143; conjunctival, 968. 

Lithopedion, 94, 896. 

Liver, abscess of, 798, 806; acini of, 788; 
amyloid, 148, 799; atrophy of, 114, 122; 
brown atrophy of, 114, 796; carcinoma of, 
800, 809; cirrhosis of, 44, 796, 797: con- 
gestion of, 122, echinococcus of, 385, 799; 
fatty inflltration of, 791; fibromata of, 
220; flukes of, 372; granular atrophy of. 
122, 796: hyperplasia of, 803; lobulated, 
550; nutmeg, 46, 791; red atrophy of, 790; 
regeneration of, 803; rot, 372; saffron, 
806; sarcoma of, 809; secretion of, 787; 
secretory disturbances of, 347: simple 
atrophy of, 790: structure of, 787; syph- 
ilis of, 549; trcmatodcs of, 799; tuber- 
culosis of, 470; tumors of, 800: vessels 
of, 787; yellow atrophy of, 791, 793. 

Llvorcs, 52. 

Lobar pneumonia, 532. 

Locomotor ataxia, 604; optic neuritis in. 
1054. 

Locus invasionis. 6, 
minoris n sistentia*, 4. 

Lollum poisoning, 337. 

l..ordo8iB, 917, 918 

Louse, body-. 351; crab-, 352: clothes-, 351; 
head-, 351, pubic. 351. 

Luciliia roarellaria, 350. 


Ludwig's angina, 813 

Lues venerea, 543; hereditary, 545. 

Lumpy jaw^484. 

Lungs, abscess of. 542. 7l9. 729; accessory. 
205; anemia of, 702; anthracosis of, 769: 
apoplexy of, 727. in asphyxiation. 708; 
atelectasis of, 704; atrophy of, 708; 
brown induration of, 45. 710: carcinoma 
of, 117, 300; carniflcatlon of, 540, 722; 
caseation of. 454, cballcosis of, 7«9: con- 
gestion of, 43; coniora amylacca In. 722; 
In drowning, 708; edema of, 96, 103, 539, 
7C®. 710; embolism of, 727, 730; emphy- 
sema of, 706; euchondroma of. 234; fat 
^ embolism of, 730; fat-granule cells In, 117; 
gangrene of, 127, 129. 540. 542, 719, 725, 731; 
hemorrhage from, 56; bepatlxatlon of, 454. 
555, 718: hyperemia of, 702, 711; hyper- 
trophy of, 111; hypostasis of, 711; In- 
farction of, 89, 90, 787; mycosis of, 418. 
422: myxoma of, 229; osteoma of. 239; 
parenchyma of, 703; pigmentation of, 709; 
red Induration of, 710; 4n renal disease, 
103; slderosis of, 709; slaty Induration 
of, 458, 709; splenlxatlon of, 706; stroma 
of, 703; syphilis of, 555; thrombosis of, 
731: tuberculosis of, 452; tumors of, 796; 
white hepatlsatlon of. 5^. 

Lupus, 481; oonjunctival, 969; erythematosus. 
462. • * 


Lutein, 184, 
Luxations, 200. 



932: flongenltal, 200, 932; 
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Lymph-glandB, amiiold, 149; anMomy of. d9l; 
endotbelioma of. 806; pBammoma of, 840; 
Bypbtllfl of. M9; tubercttloBis of. 4^. 
scrotuzn, 368. 

Lymphadenitis. 895; Buppura^ve. 875: Byph- 
llitic, 549; tuberculous. 470. 
Lymphanj^loma. 268; orbital. 1079. 
Lymphangitis, 216. 659; acute. 946; tuber < 
culous, 460. 

Lymphatic tumors. 264. 672. 697. 

Lympbemla, 671. 

Lymphoblasts, 167. 

Lymphocytefl, 166; larger, 662: small. 662. 
Lymphoma. 697; leukemic, 672. 

Lymphomata, 254, 672,^ 687; orblUl, 1079. 
Lymphomatosis, 674. 

Lymphosarcoma. 251. 

Lysis, 182. 

Lyssa, 569. 

Lytta vesicatorla poisoning. 320. 


Macies. 114. 

Macrocephalla, 201. 

Macrodactylia, 201. 

Macrogametes, 897, 402, 403. 

Macroglossia, 201, 256. 

Macrophages. 28. 411. 

Macrosomla. 201. 

Macrotia, 201. 

Macula lutea. 1058, 1061. 

Maculm cmrulece, 352; emortualls, 52. 7U. 

Madarosls, 1084. 

Madura foot. 483. 

Maldism, 576. 

Malakoplakia, 855. 

Mai dc Caderas, 386. 
la Rosa. 577. 

perforant du pied, 128, 950. 

Malaria. 398; in children. 407; chronic, 407; 
double quartan. 410; double tertian, 410; 
estiToautumnul, 406; destruction of eryth- 
rocytes in, 410: frequency of. 410; ac- 
quired Immunity from, 408. 411; mixed 
infection In, 410; mortality from, 408; 
pernicious, 405, 408; pigment formation in, 
133; quartan. 409: quotidian, 407; acute 
spleen tumor In, 412; tertian, 408: triple 
quartan, 410. 

Male-fem poisoning, 336. 

Malformations, 186. 201. 

Malignancy, accidental, of tumo^<i, 208; car- 
cinoma, 287. 

Malignant edema, 573. 
endocarditis, 646. 
syphtlls, 557. 
pustule, 488. 

Malpighian corpuscles, of kidney, 816; of 
spleen, 688. 

Malta fever, 520, 

Malum senile comesr, 998. 
perforans, 950. 

Mammae, fibroma of, 218; carcinoma of. 295; 
inflammation at, 892; involution of, 
tuberculosis of. 477 (see also Mastitis).^ 

Manubrium. 1090. 

Marasmus. 41. 114; sinus thrombosis in, 592. 

Margaritoma, 281, 1094. 

Mastitis, interstitial. 218, 892; lobularls. 219; 
obliterans, 892; tuberculous, 477; tuber- 
ous. 219. 

Mastoid, caries of, 1094. 

Mastoiditis. 1095. 

Mastung, 156. 

Maxillm, merourlal necrosis of. 326; osteoma 
of, 23$, 

Mbu, 40L 

Measles. 663; Oerman, 564; Koplik’s spots in. 
iSfy; otitis media in, 563, . 

Most potaoniog, 337. 338. 

MeefcePs diverticulum. 200. 

Mediterfanean fever, 62L 

IKhgaoolon, 774. 

Megalpblasts, 675. 


Megalo^aryocyf^s, 437. 

Megastoma entericum. 394. 

Meibomian ghinds. 961, 1060; adenoma of, 
1086; concretions Jn, 968; ^suppuration of, 
lOM. ‘ 

Melmna neonatorbm, 65, 67.< '* 

Melanemia. 676. 6^. 

Melanin. 132, 137, 412; iu malaria, 400. 
Melanocarcinoma, 241. 

Melanoma, 240; of Irfk, 1025. • 

Mclanosarcoma, 241, 1040. 

Melanosis, 131 ; oonlunctival, 997; comeal. 
997. 

Melanurla. 137, 675. r 

Melasma, suprarenal, 478. 

Membrane, Bowman’s, 977, 996; Bruoh^S, 1018, 
1033; Descemet’s, >977. 996: hyaloid, of 
vitreous, 1012; pyogeniet« 173, 456; Bat- 
tler’s. 1033. ' 

Membranous colitis. 751; croup. 523, 525. 713. 
M^niOre’s symptom-complex, 1096. 

Meninges, syphilis of. 553; tuberculosis of, 
439. 467. 

Menlugismus. 592. . 

Meningitis, basilar. 439. 467; cerebrospinal. 
568; epidemic, 568; purulent, 591; tuber- * 
culous. 439. 467. 

Meningocele. 197. 1074. 

Menorrhagia, 61. « 

Menstruation, 39, 67, 892; tlood of, 67, 892; 

vicarious, 61. 

Montagra. 419. 

5tereurialiHtn. 326. # 

Mercury poisonlug. 325. , 

Merozoites, 397. 

Mesoarteritis, 652. 

Mesophlehitls, 652. 

Mesothelioma. 304. 

Metagenesis. 877, 405. . 

Metaglobulin, 73. * 

Metamorphosis, caseous. 443; fatty, of aorta, 
119; fatty, of cornea, 119, 978. 

Metaplasia, 165; lymphoid, 667; myeloid, 667. 
Metastases. 93; blood pigment. 133; car- 
cinoma, 288: embolic. 93; lime, 94. 685; 
silver. 94, 685; tumor. 83, 297, 209, 
Metatypia. 108. 

Metchnikoff, phagocytosis theory of, 28. 428. 
Metbemoglobin Infarcts. 60. i 
Methexuogiobinuria, 315. i 
Metorchis truncatus. 373. 

Mnremphraxis. 891. 

Metritis, 887, 888: gonorrheal. 496. 

Metrorrhagia, 884. 

Microbraebius, 188. 

Microcephalus, 187. 

Microchelin, 193. 

Micrococci, 424, 

Micrococcus catarrhalis. 7!2. - 
gonorrheea?, 495. 

inelitenais, 521. * 

Microcytes, 675. 

Microgametes. 397, 403. 

Microgametocytes, 397, 403. 

Microglossia, 193. 

Micromelus, 188. 

Microphages, 28. r 

Micropus. 188. « 

Mlerorchldlsm. 200. 

Microsomia, 192. « 

Mlcrosjmron furfur, 420. 

Middle ear, cholesteatoma of. 282; disease of, 
in scarlatina. 562. 

Mtliarta, 948. 

Milium. 944, 1086. 

Milk glands, atrophy of, 120; caroinomiL of. 
295; hypertroimy of, 112; Inflamknatiomof, 
89f (see also Maminss), 

Mllsbrahd, 490. 

Mlrbane-oil poisoning. 314, 

Kedani, S54. 
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MttliriSktiflm, ^33. ^ * 

MUO«m, m, 402. 

415; .brush, 4m. 

Hals* blood* 9M; cavomous. 834; flost^ 894. 

hydatid, 227, 894; placental, 227; race- 
** * ixiose, 827; restcular, 227. 

Hoirs Slands, 20^ ; obs^u^ton of. 3085. 
Molluacum 'conta^tosum, 950, 1087. 

Monas pyopbilia, 394. 

Mtnoi>fach1u8, 188. * 

Monopsia, 18?« 

Monopus. 188. 

Monorchia, 189. 

lionsters, double. 201; triple, 204. 

Mou^ra dupllca, 203; per defectum, 180: per 
efbessum, 201; per fabricam allenam, 205; 
tiipllca.* 204. ^ f 

Morax-Axenfebii baclllUB of, 991. 

Morbflll, *1 Irv1s, 563; pafflilosi, 563. 

Morbus AddlsonH; see Addison’s disease; 
coeruleus, 649; ^omplicatus, 5; composl- 
tus, 5; maculosus, 63; multiplex, 5; 
* simplex, 5; suffocatorius, 523. 

Morel poisoning:. 

Mof^aantao bodies, 1006. 

.. cataract, 1007.* 

Morphine poisoning, 333. 

Morchella-esculenta poisoning. 315, 336. 
Mortidcati^. 53. 123. 

MosQUito, in malaria, 400. 

Mother cyst, of cchinoeoceus, 385; murks, 261. 
Moufhes volantes, 1013. 

«Mucln. 152. 

Mugoid degeneration, 151. 

Mucor corymblfcr, 416; mu<!cdo. 417; rhizo- 
podlformis, 416. 

Mueller, ducts of, 194; fibers of. 1066; mus- 
cle of, 1028, 1082. 

Multiple formation,^!; sclerosis, 604. 
Mummification. 1125.* 

Mumps, 574. 813. 

Mures articulares, 226. 230, 232. 

Muscle, abscess of, 936; angioma of, 261; 
atrophy of, 107. 114, 937, 93S; hematoma 
Of, 214, 614: hypertrophy of, 110, 9.37; 
neerobiosls of, 119; ossification of, 937; 
progressive atrophy of, 9.38; psendohyper- 
trophy of, 1.56: syphilis of, 552; tuber- 
culasla oC, 478; waxy degeneration of, 935. 
Museull arregtores pi lorn m, 52. 

Myasthenia gravis, 700. 

Mycelium, 415. * 

Mycetoma. 485. 

Myooderma cerevislss. 423. 

Mycosis, corneal, 996; otitic, 418; pulmonary, 
418; uterine, 891. 

Mydriasis, 1019. 

Myelemta, 671. 

Myelin, 113. 1S7; hypertrophy of, 113. 
IlyelHis, compression. 600; optic neuritis in, 
1055; transverse, 600. 

Myelocytottia, 253. ^ 

Myeloma, 253. 

' Myalnplaxei, 437. 

Myelosarcoma. 253. 

Iltyeloals, aleuiiemlc, 252; leukemic, 252. 
Myiasis, 860. s 
MylacephalttSi 187. 

Myocarditis, fibrous, 634; 


Interstitial, 


suppurative, 634; syphilitic, 5S2. 
MyMrdlum, <05; alterations of, 632 


633; 

631; 


anemia 

ujh Wifi aneurisms oi. ead; airopby of, 
6 M; tatty degeneration of, 625; Infarction 
Wf 636; llpotnatosts^of, 625; tumors of, 
6864 Venous congestKin of, 637. 
odOiOfNda, 1013, 

Oma* 256; cavsrtioua. 260; cystic, 260; 
hsmorrliaclo, 260; intestinal. ,775; Intra- 
AaristaLanP: •ot kidney, 849; Imvlcellu- 
mo* 257: submucous, 258; subserous, 258; 
^MpcsUiitars. 256; telangtectatio, *267, 
•Wj Utorifis^ 898* 


Myosarcoma, 260; cystic, 260. 

Myosis. 1019, 

Myositis, gummous. 552; ossificans, 142, 239. 
937; parenchymatous, 933; purulent, 930; 
tubercufouS, 478. 

Myringitis, 1089; proliferative, 1090; puru- 
'lent, 1090; syphilitic, 1091; tuberculous, 
1001 . ^ 

Myringomycosls, 418. 

Myxedema. 154. 

Myxoenchondroma, 228. 

Myxofibroma, conjunctival, 970. 

Myxoma, 226; of kreast, 229; of brain, 228; 
cartilaginous, 227; eystoid, 227; fibrous, 
227; gelatinous, £26; heterologous. 226; 
homologous, 226; hyaline, 226; lipoma- 
lodes. 227; of lungs, 229; medullary, 227; 
of peripheral nerves, 228; placental, 227; 
of salivary glands, 229; lelangtectatic, 
227; testicular, 229. 

Myxoneuroma, 261. 

.Myxosarcoma, 251. 

Myxosporidia, 251. 


Nabothian ovula, 883. 

Naegele’s pelvis, 917. 

Nauo.somia. 302. 

Nasal duct, catarrh of, 975; occlusion of, 
975. 

Nasopharynx, polypi of, 224. 

Neeator am«»riramis, 368. 

Necrobiosis, 1or», ll.'I, 123, 153; muscular, 119; 
termination of, 118. 

Necroblotic atrophy, 105, 113, 116; cause of, 
117. 


Necrosis, 105. 123; anemic, 90: bone, 926, 927; 
coagulation, 124; fat-tissue, 124, 141, 813; 
in lipomata, 22.5; pancreatic, 813; from 
salvarsan. 329. 

Negri bodies, 570. 

Ncmatelminthes, 356. 

Neoplasls, 106. 

Nephritis, cardiac hypertrophy from, 635; 
catarrhal, 823, 848; In children, 824; dea- 
quamative, 823; chronic, diffuse, 834; 
hemorrhagic, 561. 821: interstitial, 827; 
diffuse interstitial, 8:40: multiple inter- 
stitial, 829; parenchymatous, 821: acute 
parenchymatous, 824; of pregnancy, 341; 
si'arlaUaai, 561; suppurative, 827; syph- 
ilitic. j|p6; uremia In, 341; urica, 143 (see 
also Kidney). 

Nephrolyslns, 26. 

Nephrophthisis, 472. 

Nerve, optic, 1051; atrophy of, 1053, 1056; 
sarcotiia of, 1058; syphilis of, 1055; tuber- 
culosis of, KM; tumors of. 1C)56. 

Nerves, bypertropnj of, 313; myoma of. 228. 

Nervous system, action of bacterium coll on. 
783. 

, Nettle rash, 948. 

I W«urlti8, axial, 1053; interstitial, 618; optic, 
1052, 1065; peripheral, 681; retrobulbar. 


Neuroepithelioma, 1072. 

Neuroma, congenital, 262; hereditary, 262; 
orbital, 1079; plexiform, 262. 

Neuromata, 261; amputation, 261; hetero- 
plastic, 261. 

Neuromatosis, hereditary, 262. 

Neuroretinitis, albumlnurir, 1064. 

Neuroryctes hydropbobise, 570. 

N%mrotoxin. 320. 

Nevl. 13, 264. 997. 

Nevus, conjunctival, 970; flammeus, 264; 
llpomatodes, 264; pigmented, 137, 1625; 
varicose, 264; vascular. 264; venous, 264. 

Newborn, cranial hematoma in, 212; hydrops 
renum cyatlcus in» 831; sudden death In, 
325. 

Nicotine poisoning, |^; effect of. on optic 
nerve, 1054. 

Night blindnest, 1034, 1066. 
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Nightshade poieoniiig, 3S7. 

Nipple^ Paget's disease of, 296; supenkumer- 


arr* U, 3QS. 
sal Vodlea, 1069. 


Nlaal 

Nitrobeaaol potaoning, 814, 315. 

Noguchi' Wassema&a ierum teat, 828. 

Noma, 128, ‘7^. 

Nomoblasts, 675. 

Normocytes, 676. * 

Noae, Burgundy, 945. 

Nosology, 1. 

Nutmeg Ilvep, 46, 122, 791. 

Nutriments, absorption of, 104; elimination 
of, 3, lot ' 

Nutrition, disturbances of, lOt 

Obesity, 107. 

Occlusion, arteriomesenteric, of duodenum, 
772. 

Ochronosis, 134. 

Odontoma, 238, 

Oestrelch, on development of carcinoma, 270. 
Oldlum albicans, 420. 
laetts, 421. 

Oil, mirbane, po.iBonlng by, 314; mustard. 

poisoning by. 316. 

O'legs, 916. 

Oleum slnipls poisoning, 316. 

OUgemta, 47, 683. 

Omentitis, 780, 781. 

Omphalocele, 198 
Onebospberes, 877. 

Onycbogrypbosls, 962. 

Onychomycosis. 962. favosa. 419. 

Obeyst, 397, 403. 


Obkinet, 403. 
Obpboritis, fibrous, 
phlegmonous, 882. 
Opacities, aqueous. 


781; follicular, 881; 


corneal, 993, 99G; 

len^ 1006; striate, 994: vitreous, 1018. 

Ophthalmia, catarrhal, 954; contagious, 968. 
Egyptian, 968; graouisr. 958; neonatorum, 
955, 962; nodosa, 968; purulent, 964. 
sympathetic, 1032. 

Ophthalmitis, metastatic. 1036; sympathetic. 
1032; fidant cells in, 1033. 

Oplsthorchis felineus, 373. 
noverca, 374. 
sinensis, 373 

Opium poisoning. 333. 

Opsonic vaccination. 30. 

Opsonins, 28. 

Optic foramen, 1073. 

nerve, lOBl; atrophy of, 1)058> 1064; sar- 
coma of. 1068; syphilis of, 1066; tuber- 
culosis of, 1066; tumors of, 1056. 
neuritis, in aoiximegaly, 1064; in locomotor 
ataxia, 1054; in myelitis, 1055; In gen- 
eral paresis, 1064; in syringomyelia, 1064. 

Ora serrata, 1068. 

OrblculuB clliaris, 1027. 

Orbit, abscess of, 1074; carcinoma of, 1080;^ 
cysts of, 1077; endothelioma of, 1080; T 
emphysema of, 1076; exostosis of, 107B,i|i 
1078; fibroma of, 1078; fissures of, 1073; 
fistula of, 1076; glioma of, lOM; gumma 
ctWHi lipoma of, 1078; lymphoma of. 
1^; malformations of, 1074; neuroma of. 
1079; osteitis of, 1077; periostitis of, 1076; 
phl<»mn of, 1074; sarcoma of, 1080; tise 
of, 1073; structure of, 1073; trtehlnosls 

^ of, 1077, 1078. 

Orchitis, 869; parotitic. 676; syphilitic, 552; 
tuberi^lotts, 476. 

Organ ^Is as emboli, 83. 

Organ disposition, 9. 

Orgmi^Oon, of eoagulum, 70; pathologic, 

Oftanoid ttunord, 268. • 

Ovgaiiosioa. 848. 

j^^ce of. 188; displacement of. 
dnctleas, w; reconstruction cl 109; 
Vital manifeatations of, io4. 


Oriental boll, 39^, 

Onklthodorus m^bata, 856, 808. 

Os pubis, ecohoudrosis of, 28^ 

Ossa piwubica, Ida. 

Osshi^urairVS&losbi of, mi carles of, 
1094; luxation of, 1092. 

Ossification, 140, 9(H< of larynx, 723. 

Osteitis, deformans, 928; degenerative, 926; 

syphilitic, 646; tuberculou^ 479. 
Osteochondritis sypbilVIc, 546. , 

Osteoclasts, 437. 

Osteoenchondroma, 233. 

Osteoid tissue, 160, 903. 

Osteoma, 235; choroidal, 1045: ooniunctiva'*, 
972; cutaneous, 946; dental, 238; of dura 
mter, 690; fracturm., 239; heteroploitlc, 
239; of sclera, 1004. , . 

Osteomalacia, 924. * ,,, 

Osteomyelitis, 646. 912; fibrous, 87$; gum- 
mous, 546; purulent, 926. 

Osteophytes. 236, 906; of skull, 589. 
Osteoporosis, 902. 

Osteosclerosis, 903. 

Osteotabos infantum, 63, 916. 

Othematoma. 213, 1088. 

Otitis externa, 1089. . 

media, 662. 600, 1091 : acute suppurative, 
1096; adhesive, 1092; chronic polypous, 
1092; purulent. 600, rubeolar, 563: scar- 
latinal, 662; sclerotic, 1092. * 

Otomycosis. 418. 

Otorrhea. 1092. 

Ovary, carcinoma of, 298, 883; cystoma of. 
310, 312. 883, dropsy of. 880; endothelioma* 
of, 883; fibroma of. flbromyoma ' of, 
261; hematoma of, 212. 882; Internal secre- 
tion of, 346, neuroma of, 261; sarcoma of, 
883 

Ovula Nabothii, 883 
Ovulation, hemorrhage dvring, 64. 

Oxyccphalus. 924. 

OxyuriS vermicularis, .356. 

Pacchionian granulations, 220, 594. 
PacbycephaluB. 924. 

Pachydermia, 216. 

Pachymeningitis, hemorrhagic, 66, 58, 133, 
213, 690; internal fibrinous, 66, 68, 133, 213, 
690; optic, 1066; ossifying. 590; puru- 
lent, 591; spinal, 593; syphiltUc, 553. 
Paget's disease, of bone, 928; of nipple, 296. 
Pahk. In inflammation, 164. 

Palate, cleft. 197; endothelioma of, 806. 

Pallor, in anemia, 60. 

Panaritium. 946. 

Pancreas, 810; accessory lobes of, 205; amy* 
loid degeneration of, 811 ; anatomy of, 810; 
atrophy of. 811; calculus of, 140, 143, 812; 
carcinoma of. 299; cysts of, 812; fat^ de- 
generation of, 107, 812; hfmoslderin Of, 
133; in diabetes melUtus, 611; i^emal 
secretion of, 843; lipomatosis of, 107, 812; 
necrosis of, 813; raiiila Of, 812; ^aider- 
oBls of, 133; tuberculoaia of, 478: tdmora 
of, 813. 

Pancreatitis, 810. 811; hemcMTiiadte, 811; in* 
tersUtisl, 611; parenchymatous, 810; par* 
ulent, 811. 

Paunlottlos adlpoiua, 146. 154, '225, 282, 26i 
258, 450, mi amyloid degatteratlon of, 
148; angfoma of, 268, 204; encbondrifiia 
of, 234; filarta ot 258; hemorrliage ofw60; 
lipoma of, 225; mucoid degenoratiim of» 
IM; tuberculosis of, 460. 

Pannus, 969, 987: ecsematoua. 287; degeoava- 
tlve^ 288; phlyctonulaf, aorofti)oiaa« 
288; traehomatoui, 287; vasotiloAua, 
Pan^thalmltis, 281^ 1022; pimtsmoeohoi^ 

KffliSiAa^ ”■ • 

'xssjiKTjA'issi:^ 
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FartoyaUtlBk 9^ ’ • * 

ParadftqryocyKitii, 976. 

Fftrailitt ifork^* cancer, 991. 

FAragaactta, 8tf . . • 

FaraglobttHn, 79. 

Faragonttim* westcfmanl, S79. 

FMaly9l8, cardiac, 52.698; Duohenne's. 604; 
lK&atile,.601 ; of*lnaane, 695; intestina), 
784; La7(iry*8, 807; of lungs, 52; pro- 
gressive bulbar, 603; respiratory, 52; vas- 
cular, 88. 

I^ramectum coll, 414. 

Pari^etrltii, 886, 888, 89S. 

Parametrium, carc^oma of, 897; thrombo- 
pblebltfit of, 896. 1 
Paranephrltis^^blcgmonpus, 827. 

PampedeAs, 185. 847. 

Parapblmosla, 874.. 

Paraproctitis, 649. 

Paraprostatitis, 853, 871. 

^raalte, fetal. 203. 

Parasites, SMS; abdominal. 786; animal. 348, 
*blood, 398;* intestinal, 848, 349. 850. 360: 
vegetable, 428. 

Paratltyrold glands. 746. 

Parathyroldltis, 743. 

Paratyphoid fever, 615. 518; bacihus of. 389. 
Parenchyifia. l64. 

ParAils, 69, 01, 92, 1051; from cerobral bomor- 
a rhage, 69; from embolism, 91, 92, optic 
•neuiltls in. 1054. 

Paronychia, 962. 

Parotid glands. 810. calculi of, 143, 814; 
carcinoma of, 814; cysts of. 814, en- 
chondroma of, 814; endothelioma of. 305. 
rlnola of. 216. 8M: tumors of, 8ll: tuber- 
culosis of. 460, m. 

Parotitis, epidemic, 674, 813; metastatic, 575. 

phlegmonous, 575; tuberculous. 450, 478. 
Paroxysms, febrile, 183. 400. 

Pars optica retlns^ 1058. 

Patella, absence of, 188. 

Pater noster racbltis, 912. 

Pathologic anatomy, general, 1; special, 1. 
Pathology, definition of, l. 

Pearl eystsf of Iris, 1024. 
disease, of jcattle, 441. 
tumor, 281. . 

Pearls, cancroid. 280; epltheliomatous, 

Pectus gsUlnaceum, 914. 

Peculiarities, racial, 11. 

Pedlculus capitis, 851. 
pubis, 361. 
tabescentluitt. 861. 
vsstimeDU. wt. 

Poliosis rbcuipaticus, 63. 

^Uagra, 676; sine pellagra, 678. 

PeUarella, 577. ^ 

PA^gjfl^Hoalthi, 500. 784. 786. 836, 870. 

Pelvis,* maiacosteon, 926; Naegde'a, 917; ob- 
lique, 983: ossification of. 910; osteo- 
tnalaolc, 926; rachitic, 286, 915; Robert's. 
_ fl7; splnesa, m 

Pemphigus, ^48; chronteus, 948; ooniunc- 
ttvai, 9Wi limroui, 638; sirphlUtio, 948. 
PettM* absence mf. 189: carcinoma ot. 877; 
caancre of, 874; ohancrolid of, 874; de- 
^IMaity ot, 876; fracture of, 876; hypo- 
nleida of, 188; luxation of, 876; malfor- 
— tens Ol 189, 198, 196, 901: stricture of, 
m mi tubetodiesls o^, 876; tumors 
87T<r 

ijAaneum, 416; tn heraUtls, 996. 
^t^latum,' 868, 

^ ooaairlotttmi 866. 

sr»a®s«5: 



Perforation (ismeluded). 

bladdbr, 809; in tuberculosis. 461, 782; in 
typhoid fever, 512; intestinal. 444, 456, 
469. 760, 768; of sclera, 1003; of stomach, 
287, 291, 768. 782; of tympanum, 1090, 1092. 

Periarteritis, 662. 

PertarthrtUs. 238. 

Peribronebttis, Abrons, 556, 720. 

Pericarditis. 522. 622; adhesive, 180, 624; cal- 
losa, 624; exudative. 180, 624; fibrinous, 
624. 625; flbrtnopurulent. 623, 624. hemor- 
rhagic. 62. 622. 624: hydrofibrinous, 623; 
Ichorous, 624. burulcnt. 174, 624. 634; re- 
current, 465, 625; sicca, 623; tuberculous, 

465, 626. • 

Pericardium, 180. 622; abscess of, 723; adhe- 
sions of, 180, 624; hemorrhage into. 62, 
622, 624; hydrops of, 96, 103. 622; maculm 
tendlneae of, 180, 622, 624; obliteration of. 

466, 624; pneumo-, 625; tuberculosis of, 
465, 625. 

Perichondritis, auricula^, 213; chronic, 723; 
gummous. 648; laryngeal, 514, 548, 722, 
723; pulmonary, 722; purulent. 548, 722. 

Perichondrium, deposits of urates in, 143; 
aural. 1088. 

Perigastritis. 767. 

Perihepatitis, 551. 

Perimetritis, 887. 888; adhesive, 836, 888. 891; 
gonorrheal, 497. fibrinous, 211; hemor- 
rhagic. 213, 786, 892. purulent, 896 

Perimetrium, adhesions of. 836. 888. 891 (see 
also Perimetritis). 

Perinephritis, purulent, 827. 

Perineum, injuries of. 896 

Perineuritis, 618; leprous, 532; optic. 1055. 

Periorchitis, 866, 868. adhesive. 496, 867; 

fibrinous. 868; fibrous, 868; gonorrheal, 
469; hemorrhagic, 67. 867; proliferative, 
867 ; purulent, 868. 

Periostitis, 236, 480, 545, 904, 926; caseous. 
480, 917, gummous, 545; ossifying, 236, 
328, 479. 480, 545, 904; purulent. 123, 479, 
926; spinalis interna, 593; tuberculous, 
480, 917 

Perlostoscs, 236. 

Peripheral nerves, atrophy of, €18. 

Periphlebitis, 652 

Peripneumonia, 539. 

Periproetitis. 549. 853, 

Periprostmitla. 853 , 

Perisplenitis, adhesive, 693; caflosa. ISO. 694; 
fibrinous, 693; fibrous, 694. ichorous, 693; 
nodosa. 694; purulent, 693. 

Perithelioma, 304, 306, 1026. 1041; choroidal, 
1041; of ciliary body. 306, of iris, 1026. 

Peritoneum, adhesions of, 180, 761, 781: car- 
cinoma of, 285, 293, 786; colloid carcinoma 
of, 386, 293; cystlcercus of, 786; echino- 
coccus of, 389, 786; endothelioma of, 303. 
786; hemorrhages of, 60. 61, 70, 213, 786; 
llpozita of, 786; parasites of, 786; pentas- 
tomum of, 855, 786; psammocarcinoma of. 
240, 290. 786: tricblnosis of, 361, 781; 
tuberculosis of, 462, 463, 464, 781; tumors 
of. 786. 

Peritonitis, adhesive, 180, 761, 693, 781; cal- 
losa, 781; carcinomatous, 293, 780, 786; 
acute, 781; colon bacUlus In. 782, 7^ 784; 
flbrinopunilent, 782, 871 ; fibrinous, 178, 
464, 465. 781, 782, 871; fibrous. 781; goQOr- 
rhealt 497: hemorrhagic, 213, 803, 786; 
hydrofibrinous, 462, 780; In gastric ulcer, 
768; in strangulated hernia, 770; In 
typhoid fever. 612; pelvic, 213, 600, 761, 
784. 786, 886, 870. 886, mi perforative, 285, 
m 461, 781, 786. 786, 871; purulent; 177. 
289. Toil 781, 783. 784, 871; putrid, 298, 289; 
sercus, 780; Stercoral, 761. 783: tuber- 
culous, 462, 468. 464, 781; ulcerative, 786; 
Villous, 781. ? 

PeHtyphlltia, 466, 783, 784; adheAve, 693, 781; 
purulent, 178, W 784; stercoral, 761, 788. 



■^8 


INDEX. 

f 


Periurethritis, gonorrheal, 406. 

^‘Perlsucht,'’ of cattle. 441. ' 

PeroiclQUB gnemia, 48. 678; hemorrhage in. 
62. 

malaria, 405; mortsMtf from. 408. 

Pernlonea, 040. 

Perobracblus, J88. 

Perodactylia, 188. * 

Peromelus, 188. 

Peropus, 188. 

Pertussis, 664. 

Pea calcaneus, 200. 
equlnovalgus, 200. *' 

equlnovaruB. 200. 
equinus, 200. * 

planus, 200. 
valgus, 200, 915, 922. 
varus, 200, 021. 

Pest, bubonic, 497: bacillus of, 498. 

Petechice, 63, 64, 565, 943; cutaneous. 63, 64, 
943; in typhus fever, 566; of urinary blad* 
der, 853. 

Petit, canal 1005. 

Petrillcatlon, 140, 723, 928; of cartilage, 928; 

of crystalline lens, 141, 1008. 

Petrous Splrocheeta pallida In, 1097. 

Pfeiffer’s reaction. 517, 

Phsechrome, 346. 

Phagocytes, 28, 167, 428. 

Phagocytosis, 28, 30, 168; theory of, 428. 
Phagolysls, 29. 

Phallln poisoning, 816. ^ ^ 

Pharyngitis, catarrhal, 128, 265, 713. 75 4 ; 
diphtheritic, 127, 128, 178, 625. 526. 560, 661 ; 
fibrinous, 178, 525. 766; follicular, 256, 766; 
granulosa. 448. 767; in poisoning, 317; in 
typhoid fever, 614; Imvls, 717; leprous. 
631; mycotic, 421; scarlatinal, 626, 661; 
syphilitic, 648; tonsillar. 265, 625, 757; 
tuberculous, 450. 454: variolous, 626, 660. 
Pharynx, carcinoma of, 290; diphtheria of, 
128, 525; malformations of, 189; thrush 
fungus of, 421; syphilis of, 648; tuber- 
culosis of, 450, 454. 

Phimosis, 874, 875; acquired, 874; con- 
genital. 190, 875. 

Phlebitis, 661; purulent, 76, 81, 651, 652. 
Phlebectasls, 34, 657. 

Phleboltths, 80. 140, 873; prostatic, 873. 
Phlegmasia alba dolens, 78, 99, 102, 103. 
Phlegmon, 127. 128. 173, 439, 500, 7W1; cuta- 
neous, 946; gaseous, 570; gastric. 766, 
778; orbital, 1074, 1077; retrocecal. 785; 
retroperitoneal, 785; woody, 687. 

PhlOgoOia, 163. 

Phlyctenular conjunctivitis, 963. 

Pbocomelus. 188. 

Phosphoreseenqe, of bacteria. 427. 

Phosphorus poisoning. 59, 827, 435; hemor- 
rhage in. 59, 327, 435. 

Pht^nin poisoning. 320. 

Phthiring pubis, 852. 

Phthisis, black, 189; bronchfectatic, 725; 
tmlbi, 1029, 1030, 1034, 1036. 1039: florida, 
455; galloping, 455: laryngeal, 463; nigra, 
139; heart hypertrophy in, 110, 685; pig- 
tneptosa, 189; acute pulmonary, 466; 
tuberculous, 465; uleeratlTe. 444, IB6. 
Physalidss, 229. 

Physosilgmtne poisoning, 837. 

THSW tick, m. 

Plgiaeiit celts, 181, 1040. 

Meets, 131. 

Infarcts, renal, 613. 

MthSTjOfe, 100. r 

sjfones, 808. 
tumors, 246, 1025. 

nrgrts, 137. ^ 

Figm^rtatton, 136; eutaheous^ 131^ 137, 344, 
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Pigmenld^ bloody* 70, 131; fori^lign* 138, 686; 
foreign, in blopd, 686; hematic, 331, 182; 
metaboUc, Ifil, 186../ 

Piles, 66, 266. . v . 

Pilocarpine nolsoaing, 337. • 

Pineal gland, 846, 616; sand grains in. 289«*' 
Pinguecula, 946. ‘ ~ 

Piroplasma homtals, 666. » 

Pituitary gland, tumors of, 616. 

Pityriasis versicolor, 416. * < • 

Placenta, infarcts of, 90; mj^naa of, 227; 
^lypl of, 899; sanguinis, 73; syphilis of, 

Placentoma, 899. « 

Plagiocephalus, 924. 

Plague, bubonic, 497; bariUus of, 498. S' 
Plaques, conjunctival, 072; epithelial, 972; 

jaunes, 133, 613. «>i 

Plasmocytoma, 263. ^ 

Plasmodium malarlm, 409; prmcox, 4US, 407; 

vlvax, 408. ♦ 

Platyolminthes, 371. 

Plaut-Bernheim ulcer, 529, 573. 

Plethora vera, 683. 

Pleura, adhesions of, 43, 180, 458, 735; 
hemorrhages into, 60, 61, 62; 67, 69, 3^, 734, 
737; carcinoma of, 117, 3U3, 734, 735, 736, 
737; endothelioma of, 304, 306, 736; 

osteoma of, 239; sarcoma of, ^37; syph- 
ilis of, 555; tuberculosis od, 446, 465, 466, 

734 . • « 

Plourltis, 127, 468, 466, 639, 540, 722, 733,* 734. 
736; adhesive, 48, 180, 468, 735; callosa, « 
458, 736; carcinomatous, 300, 308. 735; de- 
formans, 721, 736; fibrinous, 74, 178, 446, 
465, 539, 734, 736, 784; fibrosa retrahens, 
656, 722; gangrenous, 127, 719; hemor- 
rhagic, 69, 303, 734, 787; bydroflbrinous, 
784; ichorous, 127, 729-755; purulent.” 174. 
540, 729, 734, 784; putrid, 127, 729, 735; 
serous, 783; sicca, 734; tuberculous, 446, 
465, 466, 734. 

Pleuropneumonia, fibrinous, 533. 6,39. 

Plexus annularis, of cornea, 978. 

vesical is, thrombosis of, 664. 

Plica semilunaris, 954. 

Plumbum aceticum, poisoning by, 326. 
Pneumathemia. 84. 685. 

Pneumatosis cystoldes, 571. 

Pneymaturta. 520. ** 

Pneumobaclllus, 633. 

Pneumococcus, B3S; In conjunctivitis. r»6. 968: 

In keratitis. 981; In panophthalmitis, 984, 
1036; In lobar pneumonia, 633. 

Pneumonia alba, 555. 719. 
apostematosa. 127. 729. 736. 
aspiration, 129, 290, 299, 814, 607, 779, 732. 
broncho-, 717. 

catarrhal, 177, 717. 4) 

central, 7T9. o 

efreum tuberouta. 446, 4% 

croupous, 682, 713. ^ 

embolic. 129, 714. 729. 

fi^nous, 74, 178, 446, 465. 538, 589. 718, 721, 

fibrous. 566, 719. 781. r 
gangrenous. 129. 719, 726. 
gonoiThef^ 167. 
hemorrhagic, 68. 

hypoutatlC. 0. 711. * « 

Ichorous, 127. 729. 735. 

Interlobular, 566. 781. 

Interstitial. 566, 781. 
lobar, 67, 582. 718; 
nuTls In, 542; b„ 
symptoms of, 5fR 

disppsteg egltses of, W; pntoo ‘ 
solution stags of, W; sox a 
01i itgmaof, 06; kah 

in, 542. 


•nd, 586; 

lui of. 888; ollniosl 
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Fj^euibOiiia, • * 

my«ptic, 418, 422, 718* ‘ ♦ 

ftodottiW 71». ; 
pleuro*»* 68^ §3$. 

I^ttruleot, 729. . •. 

resolution of, J38. 
septic, 72^- 
spurla, 708. 

BKPiliUtlc, 566, 556. # 

tul>erculou84»465, 542. 

Pneumoookoxilf^sis, 182, 138, 709. 
Pneumonomalacla, 719, 754. 

Paoumonomycosis, 418, 422, 718. 
pneumopericardium, 625. 

PneuiNitborax, 735, 836. 

Pueumotoxib, 535. * | 

Pock, autbrax4690; TarioU, 558. 

Polkilo^dAt, 49, 675. * 

poikllocytosls, 676. _ 

Poisoning, 7, 313; abrus, 316; acetic acid, 

^ 318; agaric, 335; aicoboi, 332, 796; am- 
imonia, 319; auestbcUc, 333; autitoxm, 
arsbnic, 60. 328; arsenmreud by- 
^ogen, 133, 4i75, M4; atropine, 334; belta- 
donua, 334; * bufidin, 320; calabar beau, 
337; cautharidiQ, 320; carbolic acid, 3ib, 
319, 844, carbouic oxide, 314; carbon 
dioxide,* 314: caustic alkali, 3i6; cbcese, 
337; cblori/ hydrate, 332; cUloriue, 3ii6; 
chloroform,* 333; cocaine, 334; cockgrass, 
337; colchicum, 336; couium, 337; croton 
oil, 174, 337; daruel, 337; daturia, 837; 
fiigitaiis, 335; ergotin, 128, 332; eseriuc, 
337; ether, 333; ethyl bromide, 333; feiix 
mas. 336: fish, 337; fly fungus, 335; fox- 
glove. 336; belvella, 315; hemlock, 336. 
3^; henbane, 337; bydrochtnoo, 315; 

hydrochloric acHF, 318; hydrocyanic acid, 
314; byoscyamus, 337; illuminating gas, 
314; inseot. 320; iodine, 315, 743; Jimson 
weed, S37; juniper, 337; laughing gas, 
333; lead, 139, 326; loltum. 337; lytta 
VGsicatoria, 320; male fern, 3-36; meat, 
SOT, 838; mercury. 60, 825; morel, 821; 
morphine, 333; roorchella. 316, 3.36; mus- 
cnrln, 316; nicotine, 385, 1054; nitric acid, 
818;* nitft)benxo1, 314; oleum sinipla, 316; 
opium, 33g: oxalic neld. 319; osone, 315; 
phallln. 315; phosphorus, 59, ,327; pbixpin. 
820; physostigmlne, 337; pilocarpine, tOT; 
potassium chlorate, 60, 843; potassium 
cyanide, 314: potassium oxalate, 319; 
potato. 337: pnisalc acid, 814; pyrogallol. 
315, 844; quinl&e. 335; rtein, 316; saffron. 
836: salievllc acid, 316; aantonin. 337; 
aausage. 337: savin, 337: secaie oomu- 
tum, 56, |66. 338; serpent, 320; silver 
• nitrate, 7, 94. 316: spotted parsley, 337; 
gtinkweed, 337; stramonium. 337: str»- 
phanthtn, 3.77: ^ftrychnlne, 334: su|-; 

phureted hydrogen, 315; sulphuric acid. 
313; thorn anpla, 337; tobacco. 335. 1654; 
turpentine. 174; vegetable, 387, 839: ver- 
muth, 836; sine chloride, 316. 

Poisons, 813; action of. on blood -vaasels, 59; 
animal, 320; blood. 313, 3i6. fed, 681; cor- 
roatve, 816: heart. 3.32, 679; nerve. 3.32; 
mineral, 8H:^ vegetable, SS4, 337, 33^ 
PoUoane^alitls. 6ll. 

PoIfoinyeiHis, acute, 601. 

Polyblasta, 167. 

Polyc^la, 619. . 

iMtammatopbllia, m , ^ 

'WSt, ^ 

' L, 683: splenomegalle, 6^ 
^1V*04. ^ 



ulSai. 6^ 

_ _ 604* 

Polytiearitta tq^dtplca, 661 . . 

• - 


Polypi, aural, 1090; of cervix uteri, 884; of 
endometrium, 59; gastric, 765; intestinal, 
256; Ifuryngeal, 737; nasals hemorrhage in, 

59; nasopharyngeal, 224; placental, 899; 
uterine, hemorrhage in, 59, 884. 

Polysarcla, 107, 217, 625. 

Polythelia, 11, 205. 

Polyuria, 33. 

Ponfick's shadow, 676. 

PorencepbaluB, 604. 

Porocephalus constrictus, 355. 

Porrl, 223. 

Port wine mark, 264. 

Post-mortem coagulation of blood, 74. 

spots, 52, 711. 

Posterior spinal sclerosis, 604. 

Potassium chlorate poisoning, 60, 315; hemor- 
rhage from, 60. 

cj'anide poisoning, 314. 

oxalate poisoning, 319. 

Potato poisoning, 337. 

Pott's disease, .479, 917. 

Precipiiins, 21, 25. 

Predisposition t 6. 310; acquired, 8; con- 
genital, S; inherited, 8; lochl, 9, 310. 

Pregnancy, abdominal, 896; eclampsia in, 341; 
ectopic, 784, 895, 896; hyperemia on ad- 
vent of, 54; hypertrophy of mammm in, 
112; interruption of. 1^3; leucocytosis in, 
863; nephritis in, 341; ovarian, 896; scars, 
952; thyroid tumor in, 743; tubal, 896; 
uterine changes in, 110, lU, 260; vascular 
dilation in, 34, 658. 

Prepuce, absence of, 189; adhesions of, 874; 
atrophy of, 874; calculi of, 875; edema of, 
874, 875; elephantiasis of. 877; excoria- 
tions of, 874; herpes of. 875; paraphimosis 
of, 874; phimosis of, 874, 875; stones of, 
875; ulcers of, 874, 968; tuberculosis of, 

Presbyopia, 1006. 

Pressure, blood-, cause of, 37; intraocular, 
1000, 1047, 1049; atrophy. 121; vascular, 
41. 

Prickly heat, 948. 

Processes, active, 4; constructive, 3; forma- 
tive, 3; functional. 3; nutritive, 3; pas- 
sive, 4; physiologic, 3. 

Procidentia uteri, 889. 

Proctitis, 870; diphtheritic, 526; syphilitic, 
549; ulcerative, 549. 

Proglottidus, 377. 

Prognosis, 3 

Prolapsus, of anus, 772; of iris, 532; of rec- 
tum. 772; of uterus, 260. 889; of vagina, 
dOS, 890; of vitreous body. 1013. 

Proliferation. 3. 180. 

Proptosis. 1058, 1075. 

Prosopothoracopagus, 203. 

Prostate, abscess of, 870; adenoma of, 309; 
atrophy of, 873; calculi of. 149. 148, 873; 

1 *^ carcTnonm of, 802, 873; corpora aroylacea 

H|v of, 145, 873; hypertrophy of, 112, 836, 871; 
hypoplasia of. 193; myoma of, 256; 
phlebotiths of, 873; tuberculosis of, 474; 
tumors of. 878. 

Prostatitis, 870; apostematosa. 876; fibrous, 
872; gonorrheal, 496; tuberculous, 474. 

Prpstatorrbea, gJI.. 

Protection, postlnfectlous, 19: vaccine In 
typhoid fever. 617. 

Proteins, bacterial, 175. 

Proteolysis, 176. 

Prothrombin, 73. 

ProtoBoa, 392; metastases, 93. 

Proud flesh, 190. 

Prurigo, 943, 

^Prussic acid poisoning, 314. 

Psdmmotnajta, 142, 839: of optic nerve* IdW. 

Psammocarcinoma. 249, 290. 

Psammosarcoma, 24|. 

Pssadoankylosis, 9m 
Pseiidoartbrosft, 997. 

PseudoeyMndrolds, urinary> ^ 
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Pseudoenoephalodelcf, 197. 

P»eudo«yst8* 1078. « 

PseudogUoma, 10S€» 1071. 
PseudoliemaphrodttiBin, 193. 
Pseudotoyperplaaia, 8S3. 
paeudohyp^rtrophy, 109; Inuaottlar, 156, 937. 
Paaudoleukemia, 253. 674; gaatrointeatinal. 

256; myeloid. 262. 

Paeudomegacolon, 774. 

Paeudomelanosia. 134. 

Pseudomenstmatlon. 54. 89S. 

Paeudopodia. 893. 

Pseudopterygium. 965. r 
Pseudotubercle, of choroid, 1038. 

Pstttacosis, 712. . 

PaoltiB, 479. 

Paoriaaia, 948; of tongue. 752. 

Psorospermia, 414. 

Pterygium. 964. 

Ptomaines. 338. 

Ptomatropin, 389. 

PtosiB. 1&; congenital, 1086. 

Ptyaliam, 758. 

Ptyalorrhea, 753. 

Puerperal fever, 894. 

aepaia, 601, 894. 

Puerpertum. struma in, 743, 

Pulex Irrltans, 349, 379. 
penetrans, 349. 
aerratlcepa, 879. 

Pulsation, in hyperemia, 38, 39. 

Pulse, venous, 630. 

Pupil, 1017; Argyl-Robertson. 1019; paralysis 
of, 1019; aynechlee of, 984. 

Purple, visual, 1061, 

Purpura, 62. 63. 68, 943. 

Pus, 174; laudable. 174. 

Pustule, 173; anthrax, 128, 488; bubonic, 497; 

malignant, 488, 490; variola, 558. 
Putrefaction, 63, 126; toxins of, 338. 

Putrescln, 338. 

Putrid softening, in edema. 102. 

Pyarthros, 174, 177. 

ryelltla, 177, 828; caterrhal, 828, 853; diph- 
theritic. 828. 854, 855; dbrtnous. 854; puru- 
lent, 828, 854; tuberculous, 471, 828, 860: 
ulcerative, 853, 

Pyelonephritis, 177, 828. 
r^emia, 601; Icterus in, 136. 

Pylorus, atresia of, 199; carcinoma of, 287, 
293; stenosis of, 774; ulcer of,. 768. 
Pyogenic membrane, 173, 599. 

PyopaguB, 202. 

Pyopneumothorax, 729. 

Pyorrhea, alveolar, 930; conjunctival, 962. 
Pyosalpinx, 886. 

Pyramids, of Perreln, 816. 

Pinretogenetic substances, 181. 

PlTOgmlol poisoning, 815, 844. 

Quartan fever, 409. 

Quarter evil, m H 

Quincke’s disease, 1082. 

Quinine^ la malaria, 411; poisoning by, 335. 
Quinsy, 767. 


das, 569. 
Race, influt 


131. 


ience of, 9, 11; peculiarities of, 11, 


Ranhltls* 11, 233, 236, 910; congenital, 91S; 

pater noster, 912. 

Radius, absence of, 188. 

Rainey’s tubes, 414. 

Rannta, pancreatic, 215, 812; parotid, 215, 814; 

sttMinjgual, Zi&i 8U; submaxUlary, 814. 
Rapbahta, 50, m, 832. 

Eaitacblirattdi, 116 . 

m. 

Rays» medullary, of kidney, 816. 

427; agglutination, 21, 617: Berlin- 
112; Calmette, 489; Crubsr^ Widal, 
nil; leuecoytto, 664; Pfeiffer’s, 517; 


‘ Reactibft (coitdeded), 

tuberculin, 439; von Ptrquet’s, 429; Was- 
sermann-Bfuck, 821, 886. . 

Receptors, 22. ' 

Reetdlve, 3; of tumors, 209, 288. 

Rectum, earctnon.'^ of, 286, 295 ; diphtheria 
526; fistula of. 776; prolapse of, 772; 
stricture of, 549; syphilis of, 549; tuber- 
culosis of, 444, 450, 459; varlceS of, 65 , 
266. ^ ^ 
Recurrent fever, 502. 

Regeneration, 158, 261, 618, 808, 905, 906; 

pathologic, 158; physiologic, 159. 

Relapse, 3. S 

Relatives, Influence of repeated intermarriage 
of, 2. 

Remission, of fever. 18^’. * 

Remittent fever, 184. '* 

Renal disease, pulmonary edema in, lOS* (see 
also Nophritls). 

Renes arcuatl. 198. 

Hetiicull, of kidneys, 815. ^ 

Reproduction, 158. f 

Hesoiution, in pneumonia. 178, 588, 719. * 

Resorption, of bone lacunm. 902; chyle, *dis- 
turbanoe of, 114, 149; of Cxtravasates, 
of fat, 118; of hydropsie fluid, 103. 
Respiratory system, anatomy of, 701 (see also 
Lungs). 

Restoration, 158. <> 

Retention, fat, 118; of teste*^, 26J, 210, 238, 
869; of milk, 892; of teeth, zasl of 
tumors, 216; of urine, 69. s 

Retina, 1051; anatomy of, 1059; angiopathic, 
1064; atrophy of, 1065; blood-vessels of, 
1062, 1069; eystoid degeneration of, 1062, 
1069; detachment of, 1070; edema of. 
1068, 1069; glioma of, 243, 1071; gllosar- 
coma of. 243; hemorrhage of, 62; in gen- 
eral arteriosclerosis, 1083; Infarction of, 
89; neuroepithelioma of, 1072; pathology 
of, 1058; pigmented epithelium of, 1063; 
rupture of, 1071; senile degeneration of, 
lOM; syphilis of, WT?; thrombosis of 
vein of, 1070; tuberculosis of, 1072. 
Retinitis, albuminuric. 1063, J064; cirotnata, 
1W7; chronic, 1062; diabetic. 1064; hemor- 
rhagic, 1063, 1067; leukemic, 1066; nseta- 
pigmentary, 1065;* proDferana, 
1062, 1066.- punctate. 1066: rurulent, 1068, 
1070; septic, 1068; syphilitic. 1072; tuber- 
fhlous, 1072. 

Retraction, of ebordo* tendincie, 640; of heart 
valves, 640; of scar-tissue, 180. 
Retroflexion, of uterus, 

Retropharyngeal abscess, 75§, 
tumors, 224. 

Retrotracheal abscess, 716. » 

Rhabdomyoma, 256. * 

Rbaehipiutus, 203. « 

Rhacbls^isis, 197. 

Rhagades, 317, 944. 

Rheumatism, articular, 930; gcmoirheal, 497. 
Rbexin, hemorrhagla per, 56. 

Rhinitis, 5^; acute, 178, 563, 711, 712: oatar- 
^ rhal, 177. 563, 564. 711, 712; fibrinous, 178; 
In mMles, 663; puruiient* 177; putrid, 
179, 448: sicca, 177. 

Rhlnoscleruma, 578. 

Rhisopoda, 392. • 

Ribs, kctinomycoiis of, 486; fracture of, 906; 

malformations of, 187, 188 , 189, 395. * 

Rice bodies, 456, 938. 939; of tendon sheaths. 

938, 939; In pulmonary eavitle% 456. 
Rlce-umter stools, 605^t 820; In arsenic poison- 
ing, 329; in cho^la, SOI; 753. % 

Ridn poisoning, 816. 

Rickets. 236, 910; cataract In, 1066 (see also 
Rachitisl. 

Rickety rosary, 912. 

Rictus luptnus, 197. » , 

Riders* botto, 143, 239«. 
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Rigor mortis, 51, 52, (UiO; of afterios, 51, f>50; 
of -heart, *62: 

Ringworhi,’ 42(1; • of eyelids, 1087 (see also 

Riolan, muscle dl, 1082. 

Robert's pelvis,, 917. 

Rocky Moualalu fever, 565. 

Rods aad cones, re^tinaL 1059. 

664.^ 

Rosary, rickets*, 912. 

Hose, 433, 434, 493. 

Roseola, syphilitic, 547. 

Hdktellum, of tapeworm, 382. 

Hot, m. 

Rota, , •. 

Round worms, ^6. • 

Round-celUfl sMoma, 246« 

Hout^ Ugonietit, adenoma of, 309. 

Rubella. 564. 

Rubeola, 563; arthritis in, 931. 

RlSbor. In inflammation, 170. 

Rukture, of ajieurisms, 59, 622, 658, 734, 786; 
of aorta. 622, 658, 734 . 786; of Fallopian 
tubes, S96; bf heart. 622, 631; of liiter- 
* vertebral disRs, 907; of liver, 786, 798; of 
muscle. 61, 926; of retina, 1071; of 

spleen, 694, 786; of solera, 1003; of uterus. 
896; of*\'arlec8, C59; of vessels, 55, 59, 
622, 658, J34,|78(». 

Saber*l€'ga, 915, 

Saber-sheath trachea, 741. 

Buc,siachrymul, 975; atony of, 975. 
Sa(;charomycc8 cerevisia*, 423. 
elUpsoides. 422. 

In hypopyon, 996. 
iJIacrum, tumors of. 262. 

Saffron liver, 80C. § 

yellow, poisoning by, 336. 

Sago spleen, 148, 693. 

Salicylic acid poisoning, 316. 

Salivary glands, 810;, calculi of. 143. 814: car- 
cinoma of, 300; ciidothelionia of, 
myxoma of, 229: tuberculosis of, 4.70, 47 k. 
Salivation, 326, .*191, 753. 

SaiplngUis, catarrhal, 880; gonorrhea!, 496, 
781; purulent, 496, 781, 886. tuberculous, 
477. • • 

Salvarsan, 329g toxic action of, 330, 

Sanatio, 5; inconiplitn. 5. 

Sand, brain, 616; flea, 319; granules, 142, *39, 
6141; tumors. 142, 239. 616. 

Santonin poisoning, 337. 

Saprophytes, 428. 

Sarclnl. 424; ventrieuli, 428. 

Barcomu, 243; adeno-, 251; alveolar, 247: 
igUylold change in. 146; angio-, 266, S<M>; 
annular, • : appendicular, 777; cho- 

•roidal, 1038;^ eunjunctlvai, 971; cystic, 249; 
dsciduoccllulare, S99; endothelial, 303; 
fasciculatum, 249; flbro-, 251; fusocellu'* 
lare, 246; goslric, 776; giant-celled, 248; 
glandular, 251; globoc«dlulare, 246; In- 
testinal, 77,7, 777; lympho-, 2.51; melano-. 
247; myelo-, 263; tnyxo-, 250. 251; 

orbital, 1080; osteo-. 248; ovarian. 883; 
parosteal, 149; prostatic. 873; reticular, 
246: retroperitoneal, 250: ring, 1031; 

riund-ccncd, 2^6; of sclera. 1004; splgdle- 
cetled, 246; of stomach, 776: tubular. 305; 
tfveal, 1014; varieties of, 246; of vessel 
walls, 250. 

Sarcoptes seablel. 853. 

Battler's membrane, 1038, . 
gi^age poisoning, IB7. 4 
ga\ln poisoning, 837. « 

Boahios, 859. . 

Beall, humid, 948; ^running, 948. • 

Scapula, absonoo of. 188. 
gcarlfloatlon, sequelm of, 102, 127, « 

ftcamtlua, 8, •so, 61, 160, 433, 435, 626. 661, 562, 
e06, 745, 821,381, 943; arthritis in, 9,11; 
• d«iauamat)pD tif 39, m; diphtheria in, 


Scarlatina*(o<mcZ«d6d). 

525, 661; hemorrhage in, 61, 821. ,94.1; 
lymphadenitis in, 696: nephritis In, 561, 
821; thyroid In, 662, 745; spleen tumor In, 
691. 

Scarlet fever. 561 (see also Scarlatina). 

Scars, radiate, iH syphilis, 547, 548, 556; of 
gravidity, 952; cutaneous. 101, 952. 

Scheele’s green, poisoning by, 328. 

SchlstoprosopuB, 187. 

S<>hlBtoBomum cattoi. 376. 
haematobium, 60, 864. 

Japonicum, 376. 
mansoul, 375. • 

Schizogony. 397, 400, 404. 405. 

Srhtzomycetes, 423. 

Schizont, 397. 

Schizotrypanum cruzi, 396. 

Schlemm. canal of, 1017, 1048, 1049. 

Scirrhous carcinoma, 277, 292 (see also Car- 
cinoma). 

Sclera, abscess of, 1004; anatomy of, 999; 
cysts of, 1004; ectasiB of. 1004; hyper- 
trophy of, 11H)3; leprosy of, 1004; r%pturc 
of, 1003, snre^nma of, 1004; syphilis of, 
1000; trauma of, 1002; tubercle of, 1004; 
tumors of, 1004. 

Sclerema neonatorum, 102. 

Scleritis, 999, 1000; annular, 1001; syphilitic, 
1000; WasBCrinann test in, 1000, lW)t (see 
also Sclera). 

Scleroderma, 942, 949. 

Sclerokerutointis, 980. 

SclerophfhalmuH, 979. 

Sclerosis, amyotrophic lateral, OtW; diffuse. 
604; multiple, 604; posterior spinal. 604. 

Scoh'X, 379. 380, 384. 974, 10»4, 1025. 

Scoliosis, 917; habit. 918. 

Scorbutus, 62, 130, 732, 734; hemorrhage In, 
62. 

Scorpion poisoning, 320. 

S<*ratch test, 443. 

Scrofula, 446, 696; ulceration In, 447. 

SiTOfulosis, 49, 4.16, 446. 447. 696. 

Scrotum, elephantiasis of. 215, 358; epithe- 
lioma of, 273, 2.S1; white gangrene of, 102, 
127; hydrocele of, 866; lipoma of, 226; 
lymph, 216, 358; myoma of. 257, 

Scurvy, hemorrbagi' in, 62, alpine, 576 (sco 
also Sc4fe'butus). 

Scutula, 419. 

Sebaceous cysts, 944, 1086, of eyelids, 1086; 
tumors, 944. 

Seborrhea, 944, 1086; oleosa, 944; squamosa, 
944. 

Bccale corniitum. gangrene from, 128: poison- 
ing. 50, 128, 3;S 

Secretions, hemorrhagic, 67; internal, 343. 

Secretin, 344 

t des morhi. 6. 

micircular canals, hemorrhage Into, 1096. 
Seminal duct, atn^sia of, 200; absence of, 
189; calculi of. 869; catarrh of. 869; dila- 
tion of, 869; lipoma of. 877: obliteration 
of, 869; tuberculosis of, 475; varicocele 
of, 658. 
fistula. 476. 

vesiculitis, 475, 869; catarrhal. 869; fibrous, 
869; gonorrheal, 496; obliterating, 869; 
tuberculous, 475. 

.Senescence, 41. 121 ; Juvenile. 41, 121. 

Senile atrophy, 41, 121, 603, 1064. 

degeneration, 41, l2l, 60S, 1064; retinal 
changes in, 1064. 

gangrene, 127, 130, 656; cause of. 656. 
Sensation, disturbance of, in anemia, 60; in 
congestiwn, 38, 44, 45; In hyperemia, 44. 
46. 

Senstbllisatora, 27, 581. 

SeuslblUzation, 27, 5«0i 581; endogenous, 6814 
exogenous, 580. 

Sensitization, serum, 822. 

Sensittsera, n, 333. 
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Sepsin, 338. 

SepaiB, 60» 427, 499, BOl, 894; general, 427; 
hemorrhage In, 60, 611; puerperal, 501, 894. 

Septiuemi^, 60, 427, 499, 501, 894. 

Septicopy.emia, 499, 502; cryptogenetic, 499. 

Septum defects, of heart, 190: of nose, 187, 
188. 

Sequelae, 5. 

Sequestrum, 123. 

Serous membranes, adhesions of. 162, 180, 624, 
735, 761, 781; carcinpma of, 117, 300, 303, 
734, 736, 787, 786; corpora arenacca of, 
239, 616; endothelioma of, 304; hemor- 
rhage of. 60. 61. 62, 63. '70, 133, 622, 623, 
786; inflammation of, m, 439, 458. 465, 467. 
497, 612, 639, 540. 568, 691, 722, 733. 734, 736, 
768, 7|9, 781, 786, 888; sarcoma of, 251, 737; 
tubemeulosis of, 462, 465, 467. 

Serpent poisoning, 127, 320. 

SOTum, cytotoxic, 744. 
edema, 1083. 

intoxication, 32, 324, 325. 
sensitization, 322. 

SicIli'heBS, 32, 324, 325. 

Sesamoid bones, 239 

Bbiga-Kruse bacilluu, 569. 

Shock, 610. 

Siamese twins, 203. 

Sickle spores, 404. 

Sickness, S4'rum, .32, 324, 326; sleeping, .391. 
396. 

Side-chain theory of Immunity, 21. 

Siderin, 70. 

Slderosis, 133, 138. 709, 1011; of bone-mar- 
row, 133; buibi, 1011; hepatic, 133; pan- 
creatic, 133; renal, 133, pulmonary, 132, 
709; splenic, 133. 

Signa mortis,^ 4. 

Silvt^r infarcts, 84.5. 

salts, in blood. G85; in tissues, 7, 94, 139, 
685, 845, 970, 997 (see also Argyrlu). 

Simulium reptans, 580. 

Sinus, cavernous, thrombosis of, 1077, 
longitudinal, thrombosis of, 58. 
thrombosis, 58, 592. 1077. 
venosus soleric, 1017. 

Siren formation, 188. 

Sitotoxismus, 337. 

Situs lnvcr.su8, 192. 
transversus, 205. 

Sizy coat, 74. 

Skin, angioma of. 263; atheroma of, 118, 215, 
944; atheromatous cysts of, 118, 1078; 
atrophy of. 9.52; carcinoma of, 280; effect 
of. constipation of, 763; hemorrhage of. 
943; hyperemia of, 943; myoma of, 257; 
osteoma of, 239, 946; papules of, 948; re- 
generation of, 160; sand, 944; structure 
of, 941; syphilis of. 547; tuberculosis of, 
481; vagabond's, 351, 

Skull, capa<'ity of, 598; depression of, 906; 
fracture of, 906; growth of, 923; hyper- 
ostosis of, 236; ossification of, 923; osteo- 
phytes of, 589; premature synostosis of 
sutures of, 597; rachitic, 914. 

Sleeping sickness, 394, 396. 

Slough, 72. 123, 127, 510. 

Small-pox, 558; black, 660; hemorrhagic, 500.' 

Smokers' carcinoma. 278, 235. 

Snake bites, W, 320. 

Softening, of brain, 611; of coagulum, 70; of 
stomach, 764. 

Somatic death. 123. 

Soor fungus, 420, 422; pneumonia from, 422. 

Sparganum proltferum, 390. 

Spasm! clonici et tonicl, 3. 

Spastic anemia, 46, 49. 

Sperm cells, of malaria parasite, 403. ' 

Spermatocele, 215, 867. 

^permatocystitis, 475, 496, 869; catarrhal. 869; 
SbrouB, 869; gonorrheal, 496; obliterans, 
1^; tuberculous, 475. 

Sphacelus, 72, 123, 127, 510; typhoid,, 510. 


Spherobacterie, 424. 

Spiders, bites of, 320. 

Spina bifida, 197, 214; anterior, 19Y; allan- 
tlca, 197. 

ventosa, 480, , 

Spinal cord, atrophy of, 601,. 604; gray •de- 
generation of, 604; syphilis of, 554. 
Spindle-celled sarcoirt, 240. 

Spine, curvature of, 913, 917; tuberculosis of, 
473, 913. 917. 

Spirals, Curschmann’s, 715. 

Spirilla, 425. 

Spirillum cholene aslaticm, 505, ' 

Obermelerl, 503. 

Vincent's. 529, 573. , 
recurrent fever, 60.3. 

Spirobacterla, 425. 

Spirochmta berbera, 506. ’ 

Duttoni, 505. 

Obermeieri, 503. 

pallida, 11. 543, 544, 558. 1097; distributLiTn 
of, 11; in petrous bone, loa?, / 

Splrochmtff, 11, 42.5, 503, 605, 530, 54.1, 544. 558, 
573, 1097 

.Splrotrichosls. 502; African, SO.'i; Egyptian,^ 
505; syphilitic, 11. 543. 5^14. 558, 1097. 

.Spleen, abscess of, 692; aceessorv, 160; amy- 
loid, 148, 693; anatomy of, (>88; angioma 
of, 264; atrophy of, 115, 121, 693; bacon, 
148, 693; brown atrophy of. 693; clcitrices 
of, 892, 694; rystlcercus of, 693; cysts of, 
694; echinococcus of, 385, 693; enf- 

bollsm of, 58, 89. 691; fibroma of'* 220; 
hemosiderin in, 134. 412, 692; hemorrhage 
of, 58, 61, 89, 90, 694, 786; hyperemia of, 
690; hyperplasia of. 254: hypoplasia of, 
193; Ictejrus of. 135, 69.3; induration of, 
45, 691: Infarction Zjt, 86, 90, 691; lobu- 
lated, 692: iiuilarial. 412, 690; metastases 
in. 93. 139. 693; parasites in. m, 693; 
pigmentation of, 115, 13.3. 1.39, 692: regen- 
eration of, 160; rupture of, 694, 786; sago, 
148, 69.3; sidi'rosls of, 13.3; supernumerary, 
160, 205; syphilis of, 556, 693; tuber- 
culosis of, 450, 470; acute tumor of, 412, 
690; tumors of, 693, 

Splenic fever, 490. 

Splenitis, 691, 692, 693; apnstematosa, 692; 

. globular, 562, 691, 692; punlb^nt, 692. 
Spienization, of lungs, 706. 

Spleoolysiits, 26. 

Splenomegaly, tropic, .396., 

Spondylitis, tuberculous, 473, 913, 917, 

Spongioid bone. 9(J4. 

Spontaneous fracture, 905, 934. 

Sporangium, 416. 

Spores, fungous, 41$; lasting 4''5; sickle, of 
malaria parasites, 1104; swarm, 415. 
Sporogony, 397. 401, 404, 405. ^ 

Sporotrlehenila, 487, 

Sporotricbosis, 486, 

Sporotrichum Schenkii, 486. 

Bporozoa, 397. * 

Sporozoites, 397/ 404. V 
Spotted parsley poisoningT 337« 
fever, 565. • 

Spring worm, 356. 

Sputum, rusty, 67, 91, 533. 

St. Anthony’s fire, 493. 

Stadia, 4. 

Stadium adiposlias, 6f«9. 
docrementi, 5. 

Incrementt, 5. 
invasion Is, 5. « 

latenttOD, 5. 

Stagnation, of blood, 71, 72; f^al effeetf of, 
763. . 

SUphylococel, 174, 424, 45t); 499, 956. 968. 
Staphylococcus albus, 174, 499. 
aureus. 174, 499, 956; In pultnonary tuher- 
culosis, 459. « 

citreus, 174, 499. o 



Stapltytottiii. >000; «Ufary, XwS, 1004, 

lOWfL c’or»,e4if[ Mi: ^(luatwlaL X0{W); inUr* 

' Oi^risf, 1000, 1004, 

*110, • ; 

of blood, 7l; luHammapory, 72. ;» 

, t; blUp!««, 7S>Sj^ gaBtricviMf 2i 

j0plXSiUi'%»^jfM, JOO; tBAmmiUaHfl Ten- 
ttVoH* 7^: /meukitoaUa uteri, 893; prjn- 
iH|naL|2; pavudcmmrualis uteri, 54, 507. 
m 250. 7(KK |, 

£He«:oriiiyia ealopts, 586. ’ . 

586. i 

Btcllula’* VtiTheypnif, 822. ^ 

SteuCHmrdia, J90. 

StenoiUa|\ duct. Btoue in, 814. 

StenOaisT aortic. 192, 6?>|, 641; 

27«. 202: caiduu .f 42. 
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m . 202; ^ c^duvc f 42. 


carclnoruatouB. 
m. 191. 192. 

fn. 548, )s;atStrlCi 548, intee- 
762. 770; larya«eal. MH; of oa 
Uteri, 870; puUuttittaH^ 191; tmchcal, 548, 

7 11: urethral, >310, m, 834. 

, yUriU^inata. 117, 

fiteivlity, frooi,**flbreo!i otlphorltls, 781; from 
j»>ijphl{ls^ tn teeteh, *152, 

^erraim, llpeure hi, i 
•'ItlTO^llue, 3i. / 



toteKtlual, US'; 444, 762, T/O; ure- 
-^“tliral, Ufl, 490, 834 (see also Kieuo«i»). > 
Smma, 180^ 86(L 288; of carcinoma. 268. 


itrowUto, 881 
^ atrUfivyloltle ' ‘ 


f‘f, 58; h W'ijri lutKvc tnta£Ction 
hour g1a4B of, t 69, myce-^ifc 

4,'i2: n j, of, 351; myoma of.' 257; 
liilgithtUm of vails of, SUL 126; perforation 
287, 21>' 768, 7H2; Srosginon of. 778. 

: polypi of. W&. Kareoma of. 776: aoften- 
W sjfuoeta of. 267.^291. .548. T68: 

,i:* 4 >?«Tv«icM.fh, »rv.9. ^co; typbotd ulcer of, 
1^19, TMMf «#f. 766. 769. 

StOlUatiDH < KUdatlva 421. 

# b#iorrbagic. 62. 
ucrcurlftl, 226 
“peratiTe. 573 
Poxys cahairnna. ttOCi. 

Ml, fttJclum. UO, 85.5; choleaterin, 807. 
Utaneoup, 941; cyatir», 85H; fecal. 140, 
m, 785; Kali-. 140 299, ««7; hepatic. HO. 
J». 807: foteptinut, HO, 143, 785. itidney, 

t IO, 847, 8W, S..M lung, 140, l4i, UT: 
xahiie. H.55; v ^o^ ^^oatlc. 140. H3, 812; 

’^ ^boaphatu', I hr. xfsr; pigment. W; pft*- 
'^utlal, sTk prtiattttlc, 140. HS, 878 pul* 
<^20oary, ho. iA 387; aallTary. H8, 814; 
fflfcorttiAtic. 8«9;^«»illttr, 767; urate, 855; 

' Uterus. 142; vein. 80, 140. 873; vesical, ,,144. 

, j- 856» 

bilious, 610, 798; black^vomlt, 587; 
^.^>loody. t)h % m, 527. Ki«. 7S8; In arsenic 
lining. 3«i*# In dysentery, 6i, 67, 88«, 
528, 7r»r»; In phosphorus poisoning. 

, 327; rlce-vater, 326, 329, 5i>6. 52tp. 
yphoid. 510; watery, 506. 

„ m fly, :m, 

mmonlum poisoning, 33W 

gangynie fiw, 127; IntestlDal, 

|ilgury/854j* 

IptobaciHus tualie, , 

^lip6<H9K*d, 174, *tS4, 4$8, 955, 863; In natt* 
//pmhthalmltls, 1036; In pulmonary timer* 

Pto^ecua erysipelatis. 498. 

“gUSf 600. 

iSUs, 309, 691, IOM; ^ meningitis, 691. 
tns, 609. ',j, ' ' 14- 

a,, 174, 500.\.898;'''lt|9,^imliMit^ 591. 





,ns* «0d. y'v'- 

tbrix, 48S;,« fu^ttnadiyoaii, 4k; sste* 
las, 489: tnadum, jST 
«utaneni. Wh ' ^ 

aiildaruiu, 9 ^,' « 


Jes Intestinatis, 370. i 

Strophanthift pomoning, 337, ^ 

Struma ao^iipa^, 739; ^famirysmatfca, 739. 

741^ rysUc, 
t iihfe. 1y . 742; hbrottB. 
710; gelatiunsa, 
pr rt >rfin8, 742, 745 
try. 61 C sarcomatous, 
B*. suprarenal. 620, 860; 
^/Wrtdea, 620. m, 73», 
9; Vascular, Td9. 

834. 


385. 


poiRoiiing t»y« 


oarcinomatouSfgf! 

742; sxophtha'* 
m, 740; folllc! 

. 161 ; ophthali 
pineal, 617; . 

745; sporadic 
thyreopriva, 7 
7«; vartoatin,^ 

t^UMimate, eormsire. poiacmlng by..6ni, 39. 
Sublingual glands. 814; cyats of, 914; ranula 
of; 814. ^ 

SttbluxatioQ, 238, 932. 
hillucls, 238. 922. 
leatts, 1011. 

Submaxllla, altiTatioiss of, 813. 814; endothe* 
liomo of. 

Substance sf osibilatnce, 27. 

Sudamina. 9 th' \ 

!?Ucctjilc attid. m Bchiuococcu: 

Sucking worms, 371. 

Suffusion, 60. 

Sumrl nation. 132. 1M3, 

Sicipburetcd hydrogen, 125. 

31^. 

Summer diarrhea, 520. 

Suit disoasi^, 573. 

SuprArenal glands, 212, 34$,' 478. iv,9, 8S0; 

hem^nma of, 212; hyperplasin of, 619; 
j' Kypiollitasia of, ;i4r); secretin o. ij4S, 65.0; 
^'N.«tructure of, OW; tuhereulOH* ^ of, 478; 

tumors of, 350, * 

;^urra, 395 

Susceptibility, 2,;n, 120 
Sutures, eraninL osftifleatmn of, 92i; pre* 
mature syncl^ib of, IST. m, 92S. 924^ 
Swarm spores, 416, * 

SweUhig, clm»d> , 154, 

In eongcsti(/!i, it. 
in dropsy, '<?, 

In heinorrt>.KIi’. 66. 
in byporei' :a, 39 
in lnfiaiiin|.itloii. 16''> 
in thrombosis, 79, ICnk 
S ycosis ngrahiiarla. 419 
Symblepnaron. 9k, 969. lOM 
‘ ‘ ' Mmia, 1032. ' 

102ft 

tions of, 

126. 


Synipathailg opbti 
paralysis, of pti 
Syraphysjs, 

Symptomatic s' lh 
Sy mptomatoloy ^ 

Bympus, ms. 

^ncepbnlua, 

Synchondp>a«6, ctapdr|pita of, 229. 

Synchysts, I6i8i |0H. 

Syncope, 629. " ' '' 

^dcytlal ccdlB, 437. 

Syflicytloma malign um. 899; of Maddfiif«>899. 
Syncylilum, 279. 4^. ''J 

sftyndactyMa, 188. , j 

Wnbebim. of cardiaavMjftvos, dii. ^a; nf fata^ ^ 
l^^wHh Rmnlon;?W. 187; pdpilhiiy, ^^^4. 

Syn^tosls. 187. 217. 597, 938; taiir ..oranlia, RW, 
1^; premature, of crkolsl antdres^ 187, 
817,923.924; senil«v 934; taVdk., 9ll; 
tabirai. 918. S 

StumtK 187. 

iypimnlis. Jbromn of, 816, 2aft oitndattve in* 
ilMmatim of, 176, 923: lubofc^tlosH of, 
mr489; urate deMlta in. 94, 141 . 

Synovitis, adbaailn, ra, 933. nbfinons. >77 
m, 983; pntnlfnt.vljg, m. 691, l«6:4 fuWis 
culous, 478, 486 (sea mlao AnhrittsK ^ 


I 
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iim«» n« m, m ^ m\ abortion 
(tom, aM‘, omyiot4 «<‘g(*nartttoa 


. , , , oa in, , _ 

•aemla ta, arlerioscloro^ ia, 481^, ctf 
CHianr body, X(mi olioroiM lOil, )017; 
cong^ital, li, M 5S2, conjttaotival, dgn; 
€t cumiea, 9$r>: of oyvii<bt* iai7; Of fetus, 
: S9i; galioptug. 8&8; of jkoayt, #84; bomor-' 

rbago la, #l* of in»^ %m; laryftgoi^ r»4«: 
inangnaat» Ndtttolki reartloa la« 822; 

" of op^lo ,186^; orbital, 1077, 

piacoattl. ti. rot- 
mi, 107^; rr'iilf^a utnL Wmmrr^ 

niana-Hmeb Tf*«^cUoa in. an, m 
isomngomyeiia. |064; o|>tio arumiB in, 
1061 
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^ m. mu- domlla, 004. 

T«onia. afrkrHtta, 384 
oaniaft, ;j 7^, 
coafuan, 304. 
ononiaorina, 870. 
oobinocorcua. 3S5. 
froqueney of. 370. 

JOflTWlgt i 

lato, m 

aioittiocanaUata, 31S. 
aaaa, 371. 
iHifrlnata, 33tt. 

gofinm. 300 , 

wlirtiPR of, 8:g ' * 

, l^cbycarOia, tUO; lu Tlasedov'i, (fiaea'^< 
Tactile Olaturb.'iiooB In I'dfiaa. UM 
TalipomafiuH. IM /roo also Pf»v} 
iTapo'Wonn, 37T; beof, 283; pork, I'U (®o< al.Ro 
Tsrnia). 

Tarantnia bHe .20. 

Tafaitls. 1037. * 

Taraof 1000. 

TSitkiiilng, 130. 687 

Timgacta isee lAichnmal Pud) 

T^ll, atroithy t*f. l£l; <‘T>rlca of 238, 420, 
448; chattering of, h i for, 188, roalpR- 
eaaoe bf, 238; cxtrad oa of, hrroorrbag( 
Ul, $8; rnf niton of, 2^8 
Tola ehoroMaa, 614; tubtrole »f 4«f' * 
Telangi^^ctaiUH. 2»14. 611, 704, fcrd»rdl 

611, choroid,! 1, 1046. 

Tdactaaia, 

Tompcramcnt, 2. 

Temperature, agonnl Increase off si bod\ 
in varioua 6tnto», 60, m v ' tpiw?. is.', 
in hyperemia, 39; in InOait ii» iiion, 161 
lowering gf In anemia, f*o 
Temporal bone, farleBHjf, io06 
Toadon-eheatlii* tuberculosis oi. o:{8 
Teaimaa, taiMfbuloaia af. 178 
Tondtwagmitia, 478, m; flbn- 

noua. 930; gonomieiti 497. puruiom, 
SOI. 996; tubefc ulema. 47S, 938. 

Traail, capfUie of, 1073, 

Tt7iohitia, 1071 m 

Teniloa, intraaciilar. 1600. w, 1049. vascu- 
lar. 67, 68, 66. 
fCffgta anodldinrJA. 2<3. 

^'taiakfrtadidyma, 2o:, 
katadidymii, 303 
Tmtolfl tumora. 3it 
Imituthiria poiaon ' / 174, 

Ti^fag malaria* 4u4 408, 


a(>vc!apment of 


rWilMH 'Jivu M#o, 

pamite fm m. , 

Tegi. »0gtt«ihl I#*; arratrh, 441; tuberculin. 
lAjl; Waalptmaiiti'Ilni* k, mi, 330 (see ulso 
HegOjfiioaljt 

Teatca, ptropmjr of* R^!0; carclgoma of, 30i. 
hbrotha 310; hypertrophy of, in, 869; 
iMppktfiia of. 12 , Ipflnmamtioa of, 868; 
aiiaformatlo^ of. m, 193. m 201 ; 
l4Wl»«iay <«, sp; myxoma of, 329, aegloma 
&*^'tmor ot-pi; rdfatffi of, 
^ m, no, m jfp*, aarcom4ftl 877; ajphUis 
^ ^ 642. tfbardtmala of, 

tgtgttus, 493* 


Tdany, 310, 344: Iiifantilp, 7ltl; vpostopera- 
tive, 746. « ,/ ( . 

Tetragonus, 424. . * . . 

Totramethylendlamin. 338 
Tetter, 947; inl^st, 918; papular, 918 f 
Thai lophy tea, 41^ V 

ThallUs, 415. 

Theory, Arneth’s le'acQrytpsis, 668; attraction, 
71; Cohnhclm’s ‘‘Jarclnoma, 273f o iCugo- 
cytosiH, 28, 128; sfdc-cbelh, 21; 'IraccMii^ 
2^ 517- Virchow’s carcinoma, 274; Welch's 
Jwlcrobic reslslaiicc, 32, Wright’s opsonic. 


Thoracoabdonunopagus, 20,3. , 

Thoracopagus. 20 5. parasiticus, 203. 

Thorax, inulfonnatious 'of, 187, i88, 198. 
Thorn-apple poisoning, 337. < 

TlTroinbi, 53 *, • , 

Thrombin, 73 
Thrombogen. 71 

Throinbophh bitis, 652. pnrulciit, 962, 
me, 986. f 

Thrombosis, cardiac, 646 cai..»,'S of, Tl.-* of 

cavernous sinus, 1077. compression;* 7.5; 
congtstion, Ti, dilation^ 7.5. iuichx ardia’«i 
615, Pinicnt, 76, of ’'tidm y, 84S, of 
longitudinal sinu.s, .5S, J^inph, 659; pros- 
talio, 873; puliijonaiy, 71 |rctinal, lo7»; 
setondnry, 92, sinus, 54|| .592, 1077. tiau- 
mati< 5 , 76. J • 

Thrombus, art<rlal, 7K nntrx bthonoMs, 77, 
bhiud, 77 chI( i(i( lition of. Mo, (anali/g 
tion of, SO* ibangi'K in, 7‘i, oonfimjous, 
77, 82, cylindne, 7S. globular, 7^615, 
hemispherte, 78. horntiK ntion or, 80. 
hyaline iTi<‘tamorphosis ol. so, infix iious, 
77, InsplMautiou of. so, l.nn* Hated, 

«J; lateral, 77, niiMd, 77; obstrintnig, 
71. 77. orgnnizalioi of, 80, 161; parlct »|. 
77, polyi>oid, 78, til>; prlimirv', 77 pro- 
gressive, 77; purilorm sofi«ning of, si, 
615, purulent softening of. si, 615. r«d, 
77, Bet ondary, 77, S7; Rolt»ning of, si, 
615. traumatic, 75; valvular, 77, 64.5, 
vascularization of, SO. xnuua, 7s, 
rucoUR, 78, 615. while, 77. 

’riirush fuijgiifi, 420. 

Thymectomy. 699. 

Thymus, 69S; abhcosh 700 ' death, 
hemorrhage, 7(Mi; hvfu riTasl.i, 2.»6, 
ifhypiutroplij , 699, nit tamni phnsis of 


vtr- 


699; 
699 , 
106, 


persist eiiB, 698, 700 , in statuh lymphatieus, 
256*. 7<M» 

Tbyreoprotc Id, 744. 

Thyroid, 20.5, 302. ;tl.5, 478. 562. 7*17, 711. at - 
cvtSHory, 205, (art i noma of. 3o2 jn stnr- 
latinu, 562 gland, 3l.j. tuberculuais' of, 
478 


Thyroidectomy, effects of, 71!: ’ 

ThyroidltiH, 715; ecarlatinar ;»62 P 

Ti< k, dog, 354; harvest, 354 ornitUoduru.s, 
503 ; pigeon, 354; wood, ;154. 
fever, r»tr{, r)t>6 
Tinesi^fas osa. 4 IS 
tonsurans, 410. 
verskoJor. 420. , 

Tip-foot, 200 

Tissue, adaptation of, 108. granulation, 166 
177; regeneration of, 1.58, 159. 

Tokieeo poisoning, 335 • 

Tongue, carcinoma of, 273. .335; cntardi of 
762; coated, 176, 752. hypt rplasla of; 2oi 
257;. loprosy of, 5.31, leptothrix of, 425 
428; leueopiakla of, 7.52; mniromuitlon 
of, 201, 256; psoriasis of, 752;* 'smooth 
atrophy of, IjJ, 6J8; syphilis of, fl^8. 
tiil^reulaslifw*^!, 469. 

TonsilTitls, 2.55, 75t. 

Tonsils, fibseess of, 7.57* calculi of, 757 
faucial, 766, bypertriAJhy of, 255, 757. 
• pharyngeal, 7.’i*f) 

Tonus bulbl, lOOO, 1047. * 

vascular, 84. 
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Topjy(=ast, 4|3. , 

Topfii, U;U ' v 

TorticojUs, »V?7. 

ToxaUjuuilns,*'*KJ8. » 

^fexonxymes, Jr 

TJbxIns. 21,.17{^m, 7«a; ibactorlal, 17r>; endo-. 

175; Irtt^lnai; 7(i;k 
Toxoid, 22./ ^ JT ^ 

T^xiis, 23. #V* 

To.^phorr, . * 

I'rac'hoa, caroinoma of. SOO; f'crhonYosla of. 
229; ectaais of, 724; iBWtula of, llfc. 
"^facboctasia, 215. * 

Tuirboitis, ralarrhol, >712, “Id. 

Tr^iomi^ 958; cjtratrixlng. %1 ; otiology of, 
9(»0; f^llii ular, |(?0; gelatinous. 059. 
Trauafii8ion,4#f human blood, 321. • 

TranamlWi^ion, of disottaT, 19. 

Tranaplantatioii 102: of tumors, 2"9. 
Transport, rotrogftide,*05; of tumor-cells, 83, 

\ 207, 209: of emboli. 93. 

ransposjtlox). of organs, 20d; of vascular 
trunki<^92 
•^^nn«udat<*s. 9S. 

‘ Trauma, abyess after cranial, 600, 79S; 


•irom, 943; defect from. 158; em-hondroma 
aft<T. 2153; ejidoeardttiH from. 648; of 
^epididymis, 868; cxo.stoses from, 237, 23''; 
^Kunglion-eell ealeiflention from. 141; gan- 
grene from, 124: heart rupture from. 
631, 632; heinatoiun from, 211; bruuito- 
thorax fnmi, 734: hemorrhage from. t4, 
55, 56. 622, 913; intestinal infaretiom from, 
766. luiefttinal^perforation from, 7K2. of 
liver, 795, T9S; ilvi'r abscess after. 
798; inacnigUi8.sin from, 257; middle- tar 
I'hiinges from, 1989; muscle hematoma 
from, 214; of nerves. 61S: neuroma from, 
262; pericardial hemorrhage from. <!22; 
pneumoperbuirdium from, 625; pulmomiry 
gartgj'i ne from, 732. pyofineumothorax 
from, 736; sarcoma from, 244 ; of spleen, 
694; o# testes. 868; thrombosis from, 7.5; 
of. vagiMi, S87; vascular cluuxges from. 
652: viti^oua o.Hlcoiua from, 239; of^^ulva, 
X7S. SS7. 891 ^ 

Trematode.s, 371. 

Trt'panatio era nil. 906. 

Treponema pallidum. II. 543. 5.11. 

Trlchln.sia, 5)61. 

^i;^jinn spiral is, 360. 

Tnciitnella, ;J6o. 

Trjchiiiia48, J63, 366, 781. 1077. PiS2. 
Trichinofds, 9;^ 366. 7SI . urbltal, 1077, 1082 
Triehocci>haluH dispar, 366. 

Triehodi'clcs cnnls. :0. 

Trichomonas intestimilis. 39;i. 
pulmonalis, .393. 

vaglnallH, 393. * 

Trichophyton ftniHUTans, irp 
Trlchoiraclu'l ib itf 356 
Trlehlunis trichiura, 366, 

Triple phosphate. In urine, 110, 8.55. 

Tjlsmus, 492. • 

Trombldlum tlnlsahnute, .3.55. • 

*Ili»oplc ulct r, 397. 

Trypanosoma brucel, 395. 
eruxi, 396. 
dlvphon, 396. 

- equfnum, 3i»6. . 

^ etiuiperdum, 395. 

evanBl. 3U5. • • 


gamblense, 306. 
lewlsi. 895. • 

thelleri, 396. % 
^^pnno»oialaa||L 394 
^TrmicuR arterCSua ci 
fly, 305, • 


ommunlB.^lOO. 


Tubercld, 436; brain, 616; caseation of, ir.. 
conglomerate, 469, 471; giant cells of, 4 
miliary, 443; solitary, 469. 47l, G16. str\n-^ 
ture of, 437; siibmiliary, 44;i ' 

Tubt'rclcs, ruble, .569. V 

Tuberculin naction, 439; character of, uu; 
diagnostic •Igalflcance of, 440; Ep<Mfi< uv 
of. 440. 

Tubereulosis, 4.36; adhesive, 466; aerogemms 
iiifoetlon In, 452;. ascites in, 464; 

^ 438; bacillus of, 438; bladder, 474; hoiu. 

479. 917; bovliie, 438; brain, 469. 610, of 
breast. 477; bronchial. 452; of bursa , ITS; « 
cavity formation* in, 456, cerebral, it.'i, 
616; of ciliary body, Hi3U; congenital, 412, 
conjunctival, 96S; corneal, 99.5; cutuiK'ous. 
481; of digestive tract, 414, 4.59; of <*p - 
dldymis, 47.5; exen tlon, 472; of Fallop'an 
tubes, 477; fish, 43S; gastric, 769; In nut- 
tngenous, 4.52; hemorrhage in, 4.5S: hcrtfl- 
ity and, 442; in birds, 438; in catth , 44!. 
in children, 439; inoi'ulation, 439; ii - 
tcstiiial. 444; iris, 1023. joint, 4so, in'-, 
laryngeal. 45.3. of liver. 47u, loba»* piien 
monia in, *.512; lymphatic, 416, 460, 470. 
lymphogenous, inaction in, 452: menin- 
geal. 467: imvcd infection in, 4.59; moti*' 
of invasion in. 4;i8: muscnhir 17<:. of 
nerves. 47S, 1056; of optie turve. 105*:. 
panercalie, 47S: of parotid. 450, 47^, of 
penis, S76; piricarduil 465; penloneal, 
462; pbaryngeal, 4.59, 154; pleuritic, 465; 
pneumonia in, 454. 5l2: primary, 45". 
prostatic. 474; pulmonary. 438. 152 rein!! 

1 471; of salivary glands 4TS si Icral. moi. 

scmfula and. 446, 41S; sci’oml.iry, 4'.<i ef' 

; KTUirial vc‘alei»'.«, 475; of s.plft‘n. 17**. 

I st» nns'.s of intestine in. 4 44 svphili*! at 

! predisposing eause of. 4.31. of P'i)*1on- 

shcaths. 938; testieula^’. 475' thynmi ,1. 
47S; ulceration in. 44 4 . 456* uriternl 171; 
urogenital, 171; uterine, 477, S96; vcssal. 
474. K96 

TuIhs, Fallopian, 477; absence of. 189: car- 
cinoma of, 901: catarrh of, 8s0; dilat on 
of. 889; gonorrhea of. 4!";, 781; liypoida'-m 
of. 19:’; malformatinns of, r»:', ; myoma of, 
261; pregnancy in. 896 laipture ol, 

S!«6; Sarcoma of. ‘‘(ti , s-utxili ration lU’ 496 
T'-l, &1'6: tubercu!ov''i9 ot, !T7 : tumois of, 
v»T ^ 

Miescher's. 411. 

Rainey s. 414. 

Tubules, renal, 816. 

Tumor. In inllnmmatlon, IT*'*; pearl, 2''1 

Tumors, 297; b-“ingn, 207. carlo \ia in, ‘.’11, 
cartilaginous, 229; eomlunatuui, 216 » oa- 

tagium of, 209. dilation. 215; ctmlogx of. 
210; extravasation, 211. e.vudatio*., 2il, 
generalization of. 20!>; growth of, 2*!'^. 
heRrologous. 207; heterotopoim. 2"7. 
homolog<iiis, 207, lymphatic. 254. mal - 
Hunt. 207; mucoid, 226 organoid, i’* '' . 
proliferation, 215; pnliuonary. 736. n- 
gional nu'taata^is in, 20" retention, 
Fysti’matoid. 3!l; teratoid, 311; ti.iu - 
piantHiion of, 209; villous, 222, 737, 863. 
970, 1086. 

Turpentine poisoning, 174. 

Txissis cniivulsiva, 56 4. 

Ty Ionia, 952. 

Tylosis, 952 

Tympanites, 784. 

Tympanum, of ear. 1988; .itrophy of. loi'i. 
perforation of. 109b, l(|92, trauma of, ic'O 

Type, of disease, 3. 

Typhoid fever, 150, &07. F.'7. vaccine trx .t 
mentWn, 1517; waxy d* Ai'neration In, 15*^ 

,Tjni>hvi». abdominal. 507; ambulatorius, 511 ^ 
American, 596; exanth* mnticiis. 565; fovi-' 
iiu\ &d2; fever. 565;’ cb'roldcs, 5SS‘ ^ 
funtutn, 513; mitior, 53' ; pellagra, 5 k, 
yellow, 088. 


'7. vaccine trx..t- 
Ai'neration in, 15*^ 


ith* innticiis. 565 : fopi-^ 
cb'roldcs, 5SS‘ ^ 
r, 53 ; pellagra, 5g, 



126 


INDEX. 

# 


, rtii, in BOfc. % 

/ idmnl^^ 4S9; uilKjroniatonH. <*ar* 

^alnamAt< 2 jn 374. iondytoraatouei. &4H». oor- 
AdM. 9^ 3Bi« crural 340 rutanma. 

140. dipKmarUK 526. duodtiBa, 7BS: f^i- 
hdutar» 627, gastric. }% flSS, 7«6, 

■ ni. kr 


iiyta>pydn. 92t, ft^4, int^stinii. 444, 4% | Vat^fwoiistririors, 

maigtnal, cortiei, peptic, 7€B | ImKoditstors, 24 

l^rfai^tiug. SW, pijaff^'dtwt m, &17 •( v»g*tabiy parasite 


ri* 


r-iaut-'licniliiajllA, 522, hrg, rodont, of cor- 
naa, 092, roun#. 7Ar« scrofulous. 447 
sarjMfinaus, of < orai a. ob4, 922 

syimilitie S477 irox»U , i*)? (ubcrmtlous, 
444^4201 typtioid^ .13, vnntoHA, 049 
eni « 9 Tlra TO 
Vi oratk»a, 17». 274, 414, 447, 4><‘ 524. 7«i) 
il US ci^ri^ 281. 
cl itOpHf b47 i 

7 ona, 074 

V amoricana* 34K 

i^uomrnaiis. 

Vn inariAfils 147 
1 ) ittea, B84 

ti itea, m in kidin<^r/s4& 
frmla, e». 34i V _ 

tJrasi 


octtusion I 


HIT tulun ulotftB of 


gonorrltea ni Ai*h aitkturo uf, tin 

^Sfetla. sp^ciftc^.atw 

acid, 8^ 111 blood. U8l. infarcts, 
4|f kidney. 84<'» 

ItTJiia. acetone taJUt albunuu m. 825, 
dlaiHlc aeid lif I 4 e. lenal < ids in Kll 
Mtamtion (vf »ugar in 14^ toama in, 
dii: typhoid bm Mil in 608 
troMiair coofneFtit M 
iJitlcarMl, ^♦48 *x liMSti 942 
Uierm, ant*‘f1txtO} oi 2<><' atrophy of, 98i 
bicornia, t( ili of, 142 unlnunu 

of, 297 «l*7 dipUtlcrta of, sit dlspla t- 

S etifca of HA*, diphx 1% duj i < atlon of, 
8, fcetallh 19* flhrornyama .f 2 .m B 
iH^atomn of 2ii InfintlU { *♦» infant 
qf, 41 801 hWicalon of H'Ki htolutlon 
^ SW>. ruvcosls of 422 891 rovoma of 
WT, ?'»»• 1®| 111 oA'irtotna of 2’#(1 posl- 

f Hon Of BWi pn) aps< of 8W ijiorpcnil 

J V14 IUpfu4C of MW of 601 

■^iptuH 18f> n>i)h11i« of iliiom 

bhbftia of, 4K fuborculosiB of 47? 
untconiia, 

anatomy 1U14 art ones of lf«4 
iirronia of, lOJi veins of 1«H 
V I'-vakiB, loii A 



itloA, 20 , 


c»p«oui< 30, tvphofd 



etil, in taiio d r»l7 
id *4 skint, 

atrskiS atrophy of. ITT, <ar- 

_jna lof. TO 300 dlphthtria or 626 
t oalarrh 4& 4S6« 8^, 878; dnpiua 

^ of. m, of m, gan 

IS of, 80t£ # morrlita of, 4S6, 877 

hyper^ccrUloo of, TO 

df« fPi malfortnattops ol, 197, 
]i9S; |iAV>iiia of 260 SCI; pro- 
*“ “ ’coma of SOI aaliriitions 

thrush fungits of, 
m, TO S<}S 
Ic, 42t; acuca puru* 

_ 'c.W SW 

sold. 

''^IsadstyaiW « 

lesions^ *^*h4lat, 13«. $44, 641. catTOs 
ictsms t!i, m. 
difoadk^ |S.l 
m f 


Varic fH 7S W TO t 

^ hemorrhages f*»f<v ’A ^S. / 

' thrtiiubosls to, T 79 ^ \ 

VarUiKCle, TO 
Varmlft, 4^2. 668 

Varlx. 21 3b8 rac, 268 \ 

Vpf. deft rens 889 ^ ' V 

Vnsf ularteatioc, 25, ^ 


4 ‘ 


dilation of. 


thrombosis i 


Xebn 

h ' 


xhral, dtiu- 


• m 


h g* tabiy parasite 114 
lotsonfta, 787 m ^ 

H iuB, compn*t«.f||Pof. 49 
calculi of, vaw. 
varico * 

Velum choroid t 814. • o • 

Wna I avn >)it*(ior, t)|^rdbosi(w|Kf, 79 
magWH'tlaUru coTni9*eiil»tuti ofrsiB, throin* 
boHis of Ml 

porianim, thrombosb, of *79 
i»ubila\{a, thrombosis of, Sd. 

\ortir4»>ui>. 1015 

V ein jjtt corroslva, 818. r 

I cncuM ction. 78 
\ 4 nous anemia, 6n 

pulse, B'O 

XuitrkJes defetta of 180, 
tion of rr 

V {airln jpolscming, 5,82 
\ ♦ T roes, 860- 

^*rmhem, <n epithelioma, 281 
\ ruofomi iin kiicrohm of 7i^l face 

also Appendix, Vtrmkformi ' 

^ iniuth poisoning JH* 

vc/nix easeoaa/ 118 H 

» * rruc «i , 322, 244 culunooua 226, 44 

N^rtebijr* esrba of exi>stoa( s of, 2S7, 

frartur' of, '>07 synostosH of 918 
tuber* ulosis of, 471, 91/’ 917 
Vesica bl partita 205 
Vesiitbs gangrene IJ5 
seminal, 869 

t^’eslculitis, semirial 475, TO 
Vessels, blood , atony of 54, budding of, I<1 
(oagulailon in 11 tigotton of 75 organic 
alterations of U 

Vestibule, hemorrhage into, ITO 
Vibicea, 948 * 

Vibrio. 425. 506 eholerfe asiatici^ m 
VincMt a angina 629 571. baefnas of. 57? 

splroijdieeta of, 67'» 
vir*‘how caioinotna th«i>ry nt Sf74 
Virus, “ftxcd TO Street,” m 

Vis a tergo 76 
Visual purple, IWJI 
Vita propria, of cells. 123. 

Vital nmicus 22. . ,, 

Vitia pTimfe formafie4|L 10. 

Vitiligo, 151, iridli. 190" *. i ^ 

Vitreous, a) wi t ss of, m3, aaatom> of. 10127 
chemle ihungea* bi tOU, dust. I9d«; 
fibrillary degeneration of* 1012, hecnor- 
rhaga of, lOU. humor. iOU, hyaloid 

moTOfano of. 1012, llttuefacton of, 1013. 
opw^tty of, 1013. osaifioatton of 1014. pro*' 
lapaa of. 1013 ^ 

Volume, of celli, atteratfon of lOA 101 
Volumoo tmlrnotium auetnm. 70$. 

'Volvutiid. 771. * . g 

VooMtfr congenitat absolve of, 107- 
Vott FlfQuot reaction, Hw as 

Vulra, atresia of. lt»i atrophy Of* t«l» 
tareMogta of. TO. «»««»*•<* TO loTO; 
trioip Of. 878, fit TOj oTOOCt 

of. TO; diphth-S®,?., TOl — — 


#7. trattma of, mt df* 

ttkara of. TO g 
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li27 


^ CJa<JarVlMi4; 

. ^ “““ ‘ 



;a4|»hUieritlc, 

Vv$mh 


223; hard, 
’i^igmeatad, 1^; vene- 


m. 


tu 


mr' 

n'w 

|3: i Late’s, 

Rml, me 

►l«trwuiau Bnuk reaction, 
al'tiarltis. im, 1001. '*. - 

■•^jlirM^r-lrigm, u0». ^ 

, Vtoj degeaeratton. til; 132. If50, 3.16; of mus- 
113. m. 214, ^35. 

•%roftiinesS. ca«lia<!,*ft23. 

Wei* ) r«ali|^oce theory of. t2. 

Weril Sri dliwaiw^ ' 

Wharton’s duct, ston^n, 8M, 

; Jel;>. ini. 


ww 


rom» 

blK)d-e<)rpuftj^‘!<‘fc!, 061: 


^^0R‘s Jaw. W?. t 

woiman ducti, m. \ 

w^on tohgue. 431. V 

W55dy Phlegmon. fUTT, ^ 

'W<»o|j»ovtera^ disease, 489. 

Wormian hones. *204, 

W'oms. 35«. 

Wouods, diphtheria of, r>26; healing oi 
bemtjrrhage from open. 66. 56, 622, »i . 
fociion of, 17g (see also 'frmmi). 
Wright, opsonic index of, 28; tln.'o - uf, 
Wry-nwk, 337. • 

X-legs, 31B. 

Xanthelasma, palpebral, 1086. 

Xanthoma hejMitiriiin, 3t2. 
Xerujlbtfaalmia, wi, 

Xerosis, 961, 967: of, '.<r*6; 

Junctival, 961, 967. corneal. I>tl7. 


^migration of, 


M. V 

m Whi«low. 946 

*Whf>i'p)ug cobgi?, 564, conjunctival hemor- 
Hiagc in, 969 
WId|jr'<,4l93.. 

. Wild iff 
f Wimi, .%c1c’ of. 696; 

V. 

#t Wine yt'acM, 42'’ 

Wm('kt=^r“ ■' 

mm, 4*^1 


n'iioliam 86, r.96, 


.162- 

in- 


v(» 

/ 


Vaws. m 
Yeasta, pathogenic, 
Yellow f-'ver. 5M5 
spot, I'MiS 


423. 

V 

lOso 


Zcifi«, yiiirnl'’ of. iOSf' 1<>s4 
ZciiktT's dcg''iicrijt!'>n. ]\t0, 9;i5, 

Zinc chlondf ) oisoning, 116. 

Ktnn, Konc of ^9"5. 101 1 . inii;. nc’'i 
Zone, war^Uia'. •?' inftiMO'ualit;) . 161. 
ZODOH, t J'T, 

/.yu^optnip 

Zymupnwti- ho. 11. 







